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@ Aminobenzoic and aminocyciohexane-carboyilc acid compounds, compositions, and their method 
of use. 

@ Compounds of the fonnula 



R^— S— — CH- C- X 




wherein X is -NH— (Q^ ' 

COOR, 



COOR2 



in 

CO 
CD 

cn 



a. 

uu 



-NH 



, or -NH 



COOR^ 



COOR., 



inhibit the action of neutral endopeptidase. As a result, such compounds produce diuresis, natriuresis, and 
lower blood pressure as well as being useful in the treatment of congestive heart failure, relieving pain, and 
diarrhea when administered to a mammalian host. 



Xen» Copy Centre 



EP 0 361 365 At 



AMINOBENZOIC AND AMINOCYCLOHEXANECARBOYUC AOD COMPOUNDS, COMPOSITIONS, AND 

THEIR METHOD OF USE 

This invention is directed to reducing blood pressure and producing diuresis and natriuresis, as well as 
treating congestive heart failure, pain, and/or diarrhea by administenng a pharmaceutical composition 
containing a neutraJ endopeptidase inhibitor of formula I and saits thereof 

(I) 



R^S — — CH — C — X 



^1 



X is 

-NH -(5) ' "KO)~ ^^^^2 

COOR2 



COOR2 



IS hydrogen, lower alkyi, halo substituted lower alky I. 



4 



-<CH2K-cycIoalkyi. -{CH2)r{cz-napthyO. -<CH2)r-<)3-naphthyl). 



I I 

H H 



-(CH2),-NH2 . -(CH2),-SH . -(CH2)r-S-lower alkyl. -<CH2)r-OH, 



■<CH2),-0-lower alkyl. 
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-(CH2)^-0^(CH2)^-^ , 

R4 



NH 

■(CH-,)^-NH-C , 



or 

O 

-(CH2)rC -NHa . 

R2 is hydrogen, lower alkyi, benzyl, benzhydryl. a salt forming ion. or 

0 
II 

I 



R3 is hydrogen 
O 

_ II 

or R5-C - . 

Rs Is lower alky I. 
-(CH2)q-(o^aphthyl), -(CH2),-(/3-naphthyl). 

-(CHjjq-cycloalkyl, -(CH2);iri) 




Ri is hydrogen, lower alkyI of 1 to 4 carbons, lower aikoxy of 1 to 4 carbons, lower alkylthio of 1 
carbons, halo, hydroxy. CF3, phenyl, 



Rs is hydrogen, lovy r alkyI, cycloalkyl. or phenyl. 
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R? IS hydrog n» lower aikyl, lower alkoxy, or phenyl. 

r IS an integer from 1 to 4. 

q is zero or an integer from 1 to 7. 

TTiis invention is also directed to the novel compounds of formula I wherein X is 





and Ri. Rs and R3 are as defined above and the novel compounds of formula I wherein 
X is 



NH--^QJV- COOR2 




and Rt .R2. and are as defined above except that Ri is not methyl. 

This invention in its broadest aspects relates to the method of lowering blood pressure and producing 
diuresis and natriuresis by administering a pharmaceutical composition containing a neutral endopeptidase 
inhibitor of formula 1. This invention is also directed to the novel compounds of formula I wherein Ri is other 
than methyl or when Rt is methyl. X is 3-aminoben20ic acid. 3- or 4-aminocyclohexanecartx3xyiic acid. 

The term lower alkyi used in defining vanous symbols refers to straight or branched" chain radicals 
having up to seven carbons. The preferred lower aikyi groups are straight or branched chain of up to four 
carbons. Similarly the terms lower alkoxy and lower alkylthio refer to such lower aikyi groups attached to an 
oxygen or sulfur 

The term cycloalkyi refers to saturated rings of 4 to 7 carbons atoms with cyciopentyl and cyclohexyl 
being most preferred. 

The term halogen refers to chloro. bromo , fluoro, and iodo. 

The term halo substituted lower alkyI refers to such lower alkyI groups described above in which one or 
more hydrogens have been replaced by chloro. bromo or fluoro groups such as trifiuoromethyl, which is 
preferred, pentafluoroethyl. 2.2,2-trichloroethyl, chloromethyi, bromomethyl, etc. 



etc., represent that the alkylene bridge is attached to an available carbon atom. 

The compounds of formula I can be prepared by coupling an acylthio carboxylic acid of the formula 



The symbols 




/ 
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(II) 

O 0 



IS 



II 



C — S — CHj CH — C OH 



^1 

to the aminobenzoic acid ester or aminocyclohexanecarboxylic acid ester of the formula (III) 
HX. 

The aminobenzoic acid ester or aminocyclohexanecarboxylic acid ester of formula til can be employed 
as the hydrochlonde salt and methyl is the preferred ester group. The acylthio carboxylic acid of formula II 
is preferably converted to an activated form such as an acid chloride, mixed anhydride etc. The reaction is 
preferably carried out in the presence of diisopropylethylamine. 

The resulting acylthio aminobenzoic or aminocyclohexanecarboxylic acid ester can be hydrolyzed by 
treating with a base such as sodium hydroxide to remove the acyi group and the R2 ester group and yield 
the desired mercaptan products of formula i, i.e.. R2 and Ra are both hydrogen. 

Alternatively, the aminobenzoic or aminocyclohexanecarboxylic acid of fonnula 111. i.e., Ra is hydrogen, 
can be coupled directly to the activated form of the carboxylic acid of formula li by first treating the 
aminobenzoic or aminocyclohexanecarboxylic acid with bis(trimethylsilyi) trifluoroacetamide. The resulting 
acylthio aminobenzoic or aminocyclohexanecarboxylic acid can be treated with ammonia to remove the acyl 
group and yield the desired mercaptan products of formula 1, i.e., R3 is hydrogen. 

Of course, the mercaptan products of formula I can be acylated with an acid chloride of the formula 
0 

(IV) _ Rs-S-Ci 

to introduce other acyl groups. 

The acylthio carboxylic acids of formula II are described in various literature and patent references. For 

^ example, the carboxylic acids wherein Ri is hydrogen, lower ati<yl. phenyl, or phenyl-lower aikyi are 
described by Ondetti et al. in U.S. Patent 4,105.776, the carboxylic acids wherein Ri is alkyithioalkylene are 
described by Ondetti et al. in U.S. Patent 4.116.962, the carboxylic acids wherein R* is carbamoylalkylene 
are described by Ondetti in U.S. Patent 4.091 ,024. the carboxylic acids wherein H^ is aminoalkylene or 
guanidinylaikylene are described by Ondetti et al. in U.S. Patent 4.113,715. the carboxylic acids wherein Ri 

^® is trifluoromethyi are described by Ondetti et al. in U.S. Patent 4.154.935. etc. 
In the above reactions if Ri and/or R5 is 



40 



45 



50 



55 



OH 



-(CH2)j-SH , (CHjjj-OH , or 



, NH 

-(CH2)j.-llH-C;^ 

then the hydroxyl. amino imidazolyl. mercaptan. or guanidinyl function should be protected during the 
coupling reaction. Suitable protecting groups include benzyloxycarbonyl. t-butoxycarbonyl, benzyl, benz- 
hydryl. trityl. etc.. and nitro in the case of guanidinyl; The protecting group is r moved by tr atment with 



5 
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aad or other known methods following completion of the reaction. 
The ester products of formuia I wherein Rz is 

O 

II 

— CH— O — C — 

I 

R^ 



can be obtained by treating the product of formula 1 wherein Rs is hydrogen with a molar equivalent of a 
compound of the formula 

(V) 

o 

I* — CH— O— C — R-,. 



^6 



as 



wherein L is a leaving group such as chlorine, bromine, toluenesulfonyloxy. etc.. in the presence of base. 
Preferred compounds of this invention are those of formula I wherein 
R' ts straight or branched cham aikyl of 2 to 4 carbons. 

30 



«4 



3S 

wherein q is zero or an integer from 1 to 4, or thfluorom ethyl. 
Ra IS hydrogen or an alkali metal salt ion. 
R^ is hydrogen or 
o 

^ Rs- C - . especially hydrogen. 



R* IS hydrogen or 



-O-CH^ 



Ko> • 



Rs is methyl or phenyl, especially methyl. 

Also, preferred as intermediates are the compounds of formula I wherein 

Ri IS as defined above. 

Hi \s methyl 

R3 is 

O 

Rs- C - . 

Rs IS methyl or phenyl, especially methyl. 
R4 IS as defined above. 

The compounds of formula I wherein Ra is hydrogen form salts with a vanety of inorganic or organic 
bases. The nontoxic, pharmaceutically acceptable salts are preferred, although other salts are also useful in 

~ - 6 
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isolating or purifying th product. Such pharmaceutically acceptable salts include alkali metal salts sucltas 
sodium, potassium or lithium, alkalin earth metai salts such as calcium or magnesium, and salts deriv d 
from amino acids such as arginine. lysine, etc. Th salts are obtained by reacting the acid form of the 
compound witti an equivalent of the base supplying the desired ion in a medium in which the salt 

5 precipitates or in aqueous medium and then lyophilizing. 

As^ shown above, the compounds of formula I wherein Ri is other than hydrogen contain asymmetric 
centers as represented by the ' in formula I. An additional asymmetric center is present in the ester 
products when Re is other than hydrogen. Thus, the compounds of formula I can exist in diastereomeric 
forms or in mixtures thereof. The above described processes can utilize racemates, enantiomers or 

10 diastereomers as starting materials. When diastereomeric products are prepared, they can be separated by 
conventional chromatographic or fractional crystallization metiiods. 

Human as well as other mammalian atria contain specific granules which have been found to contain a 
precursor to a family of peptides collectively called atrial natriuretic factor (deBold, Science. Vol. 230. p. 
767-770. 1985). The biologically active segments of this precursor which circulate- in tiie blood are 21-28 

/5 amino acid peptides called atrial natriuretic peptides. These peptides cause diuresis, natriuresis, and 
relaxation of smootii muscle in blood vessels and oti^er tissues (Needieman et al„ Hypertension, Vol. 7. p. 
469 - 482. 1985). The putative circulating hormone in man is a 28 amino acid peptide called human ANF99 
- 126. Exogeneous administration of this, peptide to man has been reported to cause diuresis, natriuresis, 
and a fall in blood pressure(Richards et al„ Hypertension. Vol. 7, p. 812 - 817. 1985). 

20 The compounds of formula I inhibit the activity of neutral endopeptidase (EC 3.4.24.11), a membrane- 
bound zinc metailopeptidase found in many tissues including the brain and kidney. Neutral endopeptidase 
hydrolyzes peptide bonds which are on tiie amino terminal side of hydrophobic amino acid residues. Atrial 
natriuretic peptides have been shown to be cleaved at the Cys^^.phe'os bond by the action of neutral 
endopeptidase (Deianey et al., Fed. Proc. 48. p. 1296. 1987: Stephenson et al. Biochem. J., Vol. 243, p. 183 

25 - 187. 1987). Cleavage of rat ANF 103 - 126 at Cys'^s-Phe'^e results in diminishing of its vasorelaxant 
(Bergey et al. Fed. Proc.46. p. 1296, 1987) and natriuretic, diuretic and depressor activities (Seymour et al.. 
FQd.Proc.46. p. 1296. 1987). Stephensen et al. reported ti^at the hydrolysis of human ANF 99 - 126 by pig 
kidney microvillar membranes in vitro was suppressed by tiie neutral endopeptidase inhibitor, 
phosphoramidon. 

30 While not limiting the scope of tiiis invention to a specific theory or mechanism of action, inhibition of 
neutral endopeptidase is believed to result in reduced inactivation of exogenously administered or endog- 
enous atria! natriuretic peptides. Thus the compounds of formula I are useful in the treatment of 
hypertension, congestive heart failure, renal failure or hepatic cirrtiosis. Diuresis, natriuresis. and blood 
pressure reduction are produced in a mammalian host such as man by tiie administration of from about 1 

35 mg. to about 100 mg, per kg. of body weight per day., preferably from about 1 mg to about 50 mg. per kg. 
of body weight per day. of one or more neutiral endopeptidase inhibitors of formula I or a pharmaceutically 
acceptable salt thereof. The neutral endopeptidase inhibitors of formula I are preferably administered orally, 
but parenteral routes such as subcutaneous, intramuscular, and intravenous can also be employed. The 
daily dose can be administered singly or can be divided into two to four doses administered throughout tiie 

40 day. 

The neuti-al endopeptidase inhibitors of formula I can also be administered in combination witii otiier 
blood pressure lowering agents. For example, tiie neutral endopeptidase inhibitors of formula I can be 
combined for dual administration witii an angiotensin converting enzyme (ACE) inhibitor such as captopril, 
zofenopril. fosinopril. enalapril. lisinopril. etc. Such combination would be at a weight ratio of endopeptidase 
46 inhibitor to ACE inhibitor of from about 1:10 to about 10:1. 

The. neutral endopeptidase inhibitors of formula I can also be administered in combination witii human 
ANF 99 - 126. Such combination would contain tiie inhibitor of formula I at from about 1 to about 100 mg. 
per kg. of body weight and the human ANF 99 - "126 at from about 0.001 to about 0.1 mg. per kg. of body 
weight. 

so The neuti-al endopeptidase inhibitors of formula I or pharmaceutically acceptable salts thereof can also 
be administered to a mammalian, host such as man to inhibit the degradation of endogenous opioid 
pentapeptides, [Met^l-enkephalin (Try-Gly-Gly-Phe-Met) and [Leu^J-enkephalin (Try-Gly-Gly-Phe-Leu). in 
the brain or in peripheral tissues. Due to its role in tiie degradation of enkephalinase, brain endopeptidase 
has often been referred to as "enkephalinase." Enkephalins are neuroti^smitters which decrease tiie 

55. perception of pain (Hughes, et al.. Nature, Vol. 258, December 1975. p. 577 - 579). These endogenous- 
opioid peptides are functionally inactivated by cleavage, of their Gly^-Phe* peptide bonds' by neuti-al 
endopeptidase located at nerve temninals in tiie brain where enkephalins are released {Malfroy, et al,. 
Nature, Vol. 276, November 1978. p. 523 - 526). Neutiral endopeptidase inhibitors enhance tiie recovery of 
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endogenous enkephalins released from isolated brain slices (Patey. at al.. Science. Vol. 212, June 1981. p. 
11 53 - 1 155) and cause analgesia in mice that is revers d by the opiate antagonist naloxone (Roques. et ai.. 
Nature, Vol. 288. Wovember 1980, p. 286 - 288). inhibitors of neutrai endopeptidase also show naloxone 
-reversible antidiarrheai effects in rats (Marcais - Coflado. et aL. European Journal of Phamnacology, Vol. 

5. 144. p. 125 - 132, 1987). 

Thus, the compounds of formula I or a pharmaceutically acceptable salt thereof can be administered as 
an analgesic or antidiarrheai agent to patients orally or parenteraily in an effective amount within the daily 
dosage range of from about 0.1 to about 25 mg. of compound per kg. of patient body weight. Administration 
can be once daily or in 2 to 4 divided daily doses. 

to The inhibitors of formula I and other pharmaceuticaily acceptable ingredients can be formulated for the 
above described pharmaceuticai uses. Suitable compositions for oral administration include tablets, cap- 
sules, and elixirs, and suitable compositions for parenteral administration include sterile solutions and 
suspensions. About 10 to 500 mg. of active ingredient is compounded with physiologically acceptable 
vehicle, carrier, excipient. binder, preservative, stabilizer, flavoring, etc., in a unit dose form as called for by 

75 accepted pharmaceutical practice. 

The following examples are illustrative of the invention. Temperatures are given in degrees centigrade. 



Exsmnple 1 

20 " 



4-[[2-{Mefcaptomethyl)- 1 -oxo-S-pheny lpropyl]amino]benzoic acid 

25 

a) 4-Aminobenzoic acid, methyl ester, hydrochloride 

Thionyi chloride (5.84 ml.. 80 mmole) was added, dropwise with stinlng. to a cold suspension of 4- 
aminobenzoic acid (5.49 g., 40 mmole) in methanol (100 mL). The addition was done at a rate so as to 
30 maintain the temperature between -5* and -10*. After the addition was completed, the mixture was allowed 
to warm to room temperature and stirred overnight. The mixture was then concentrated in vacuo to give a 
white solid which was twice tnturated in ether to yield 7.25 g. of 4-aminobenzoic add, methyl ester, 
hydrochloride. as a white solid; m.p. 189 - 192*. TLC (silica gel: n-butanol:acetic acidrwater. 4:1:1) Rf = 
0-77. 



b) 3-Acetylthio-2-benzylpropanoic acid 

Benzyl maionic acid (13 g., 67 mmole) was mixed with 40% aqueous dimethylamine (7.6 g., 68 mmole) 
40 and 37% formalin (5.4 g., 68 mmole) in water (150 ml.). The voluminous solid that formed in 15 minutes 
was filtered after 2 hours, washed with water, and dried partially in air to give 20.8 g. of solid. The solid was 
melted m an oil bath (170*) and heated for 10 minutes until amine evolution stopped and bubbling had 
virtually ceased- The cooled product, a mobile liquid, was acidified with 1 0% potassium bisulfate, extracted 
with hexane. dried (NazSO*), and evaporated to give 6.3 g. of solid. The aqueous filtrates were allowed to 
45 stand overnight and were then heated at 100* on a steam cone until bubbling ceased (2 hours). Cooling, 
acidification, and extraction gave another 1 .2 g. of solid for a total of 7.5 g. of benzylacrylic acid. 

A solution of benzylacrylic acid (5.96 g., 40 mmole) in thiolacetic acid (10 ml.) was stinred for 1 hour at 
room temperature and then heated on a steam bath for one hour. The thiolacetic add was removed by 
vacuum distillation, and the resulting dark yellow oil was poured into saturated sodium bicarbonate (much 
50 bubbling) and extracted with ethyl acetate (2 x 40 ml.). The aqueous portion was acidified to a pH of about 
3 with 10% potassium bisulfate. and reextracted with ethyl acetate (3 x 40 mi.). These extracts were 
combined, dried (NaaSO^), and concentrated in vacuo to give 6.44 g. of yellow oil 3-acetylthio-2- 
benzylpropanoic acid. 

55 ' 

c) 4-{[2-{(Acetylthio)methyl]-1-oxo-3-phenylpropyl3amino]benzoic acid, methyl ester 

Oxalyl chloride (0.68 ml., 7.8 mmole) was add d to a solution of 3-acetylthio-2-benzylpropanoic acid 

-a 
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(1,79 g., 7.5 mmol ) in ether (15 ml.}. This mixtur was cautiously tr ated with a catalytic amount (2 drops) 
of dimethyl formamide, and then stin-ed at room temp rature for 1 hour. Th mixture was concentrated in 
vacuo, producing an oil which was dissolv d in t trahydrofuran (15 ml.) and again concentrat d in vacuo. 
The resulting residue was disssolved in methylene chloride (20 ml.) and added dropwise over 10 minutes to 

5 a cold (-5*), stirred suspension of 4-aminobenzoic acid, methyl ester, hydrochloride (1.52 g.. 8.1 mmole) 
and diisopropylethylamine (2.94 ml., 16.9 mmole) in dichlorom ethane (20 ml.). After stirring in the cold (- 
5 ' C) for 2.5 hours, the mixture was allowed to warm to room temperature and allowed to stir overnight The 
mixture was concentrated in vacuo and the residue was taken up into ethyi acetate (100 ml.) and filtered to 
remove diisopropylethylanffTne, hydrochloride. The filtrate was washed sequentially with 10% potassium 

w bisuifate. water. 5% sodium bicarbonate, water, and 50% brine (3 x 30 ml. each). The organic layer was 
dried (NasSO^) and concentrated to yield 3.0 g, of a yellow oil. This oil was applied to a column of 300 g. of 
Merck silica gel (230 - 400 mesh) and eluted with hexane/ethyl acetate (2:1) to give 1.13 g. of 4-[[2-{- 
(acetylthto)methyl]-l-oxo-3-phenylpropyllaminolbenzoic acid, methyl ester as an off-white solid; m.p. 97 - 
99* (sinters at greater than 92* ). TLC (silica gel: ethyl acetate:hexane. 1:1) Rf = 0.49. 

/5 

d) 4HI2-(Mercaptomethyl)-1-oxQ-3-phenylpropyllamino]benzoic acid 

The methyl ester product from part (c) (1.13 g.. 3.04 mmole) was dissolved In methanol (20 ml.) and 
20 then chilled in an ice bath under nitrogen. IN Sodium hydroxide (9.5 ml., 3 equiv.) was added dropwise to 
this solution over 10 minutes. The mixture was stirred at O' for 10 minutes and then allowed to warm to 
room temperature and stirred for 3 hours. The mixture was concentrated in vacuo to remove the methanol. 
The residue (a white suspension) was diluted with water (40 ml.) and extracted with chloroform (2x15 ml.). 
The organic layer was concentrated in vacuo and the residue was taken up in 1 N sodium hydroxide (40 ml.) 
25 and extracted with chlorofomn (2x15 ml.). Both aqueous extracts were combined and acidified to a pH of 
about 1 .5 with concentrated HCI. The resulting white suspension was extracted with ethyl acetate (3 x 40 
ml.). These extracts were combined, washed with water and brine (3 x 40 ml. each), dried (Na2S04). and 
concentrated to give 910 mg. of an off-white solid, Recrystallization from chlorofomn yields a solid Uiat was 
dissolved in methanol and Filtered through a cellulose micro-filter to yield 580 mg. of 4-[[2- 
30 (mercaptomethyl)-l-oxo-3-phenylpropyl]aminolbenzoic acid as an off-white solid: m.p. 178-179 , TLC (silica 
gel; benzene:acetic acid. 4:1) R| = 0.43 (trace at 0.36). 



Anal, calc'd. for C.7H1 


7NO3S: 








C, 64.74; 


H. 5.43; 


N, 4.44: 


S. 10.17 


Found: 


C. 64,65: 


H. 5.50; 


N. 4.47; 


S, 10.17. 



40 

Example 2 



(S>-4-[(3-Mercapto-2-methyl-1 -oxopropyQaminolbenzoic acid 



a) (S)-4-^3-Ac9tylthio)-2-methyl-1-oxopropyl]amino]benzoic acid, metiiyl ester 

A suspension of 4-aminobenzoic acid, methyl ester, hydrochloride (6.75 g.. 36.0 mmole) and 
diisopropylethylamine (9.5 g., 73.5 mmole) in dry methylene chloride (80 mi.) was cooled to -IO' under 
nitrogen and treated dropwise with a solution of (D)-3*<acetylthio)-2-metiiylpropanoyl chloride (6.0 g., 32.7 
mmole) in dry methylene chloride (80 ml.). After the addition was completed, the mixture was stinred cold 
for an additional 2-5 hours and then allowed to warm to ambient temperature overnight The reaction 
mixture was concentrated in vacuo. The residue was dissolved in ethyl acetate (300 ml.) and the solution 
was washed with 50 ml."portions of 10% aqueous potassium bisuifate, water. 5% aqueous sodium 
bicarbonate, water, and brine, dri d (MgSO*). and concentrated in vacuo to. give 9.7 g. of crude material as 
a white solid. Rash chromatography on Merck 9385 silica gel (970 g.) eluting with 3:1 hexanes:9thyl acetate 

9 
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gave 6.87 g. of (S)-4-[[(3-acetylthio)-2-methyl-l -oxopropyl]ammojben20ic acid, methyl ester as a whit solid; 
m.p. 140 -141 TLC (silica gel: hexanes:ethyl acetate. 3:1) = 0.14. 



5 


Anai. calc'd. for Ci*Hi7N04S: 






C. 56.93: 


H. 5.80: 


4.74; 


S. 10.86 




Found: 


C. 56.96: 


H, 5.81: 


N, 4.74: 


S. 10.98- 



to 



b) (S)'4-[(3-Mercapto-2-methyl-1-Qxopropyi)amino]benzoic acid 



/5 



A solution of the methyl ester product from part (a) (6.85 g., 23.2 mmole) in methanol (160 ml.) was 
cooled tn an ice bath under nitrogen and treated dropwise wtth 1 N sodium hydroxide solution (69.6 ml., 69.6 
mmole). After the addition was completed, the reaction mixture was stirred cold for 15 minutes and then 
allowed to warm to ambient temperature overnight. The reaction mixture was concentrated in vacuo to 
remove the methanol. The aqueous layer remaining was diluted wrth water (200 mi.) and wished with 
chloroform (2 x 70 ml.). The aqueous layer was acidified to pH 1 with concentrated HCI and extracted with 3 
X 200 ml. of ethyl acetate. The combined organic extract was washed with 70 ml. of water and brine, dried 
(MgSO*) and concentrated in vacuo to yield 5.15 g. of crude material. Rash chromatography in 2 batches 
on a column of Merck 9385 silica gel (300 g.) eluting with dichloromethane:methanol:ac6tlc acid, 60:1:1 
gave 2 g. of (S)-4-[(3-mercapto-2-methyl-1-oxopropyl)amino]ben20ic acid as a white solid; m.p. 222 - 224* : 
[a]D = -90.2 (c = 0.5, methanol). TLC (silica gel; ben2ene:acetic acid. 4:1) R( = 0.33 (minor impurity at 
0.24). 



30 



Anal, caic'd. for C. ^Hi^NOaS: 



Found: 





55.21; 


H. 5.48; 


N. 5.85: 


S. 


13.40: 


c. 


54,99: 


H. 5.56: 


N. 5.75: 


S. 


13.01: 



SH. 13.82 
SH. 13.52. 



Example 3 



40 4-[[2-(Mercaptomethyl)-1-oxopentyl]amino]ben2oic acid 



a) 2-Propyl-3-acetylthiopropionic acid 

45 A solution of potassium hydroxide pellets (11.22 g.. 200 mmole) in absolute ethanol (120 ml.) was 
added to a stirred solution of diethyl propylmalonate (22.22 g., 100 mmole) in absolute ethanol (60 ml.) over 
a period of 30 minutes. After the mixture stood overnight at room temperature, the crystalline precipitate 
was filtered off. This material (10 g., 43 mmole) was dissolved in water (35 ml.) and a solution of potassium 
hydroxide pellets (2.6 g.. 64 mmole) in water (50 ml.) was added and the reaction mixture was refluxed for 2 

so hours. The mixture was cooled to 5*, concentrated HCI (8.9 ml., 107 mmole) was added over 20 minutes 
while keeping the temperature below 10*. and the mixture was extracted with ether (3 x 75 ml.). The 
combined ether extracts were washed with saturated sodium chloride solution, dried (MgSOt). and 
concentrated under reduced pressure to give 6.05 g. of n-propyl malonic acid, m.p. 94 - 96* . 

n-Propyl malonic acid (3.0 g.. 20 mmole) was dissolved in water (15 ml,) and neutralized by the slow 

55 addition of 25% aqueous dimethylamine. An additional amount of n-propyl malonic acid (3.0 g., 20 mmole) 
was added with stirring and the resulting solution was cooled to 0* . Aqueous formaldehyde (4.16 ml.of 33% 
solution) was added with cooling and stirring. After standing overnight th solution precipitated 3.42 g. of 
crystalline propyl (dimethylaminomethyf) malonic acid; m.p. 1 19 - 120* . 



1.0 
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The propyl (dimethylaminomethyl) malonic acid {3.42 g.. 17 mmole) was suspended in water (10 mi,) 
and th soiution was neutralized by th addition of 10% aqueous sodium hydroxid . The resulting solution 
was refluxed overnight under a nitrog n atmosphere, then cooled and acidified with concentrated HCI (10 
ml.)- The mixture was extracted with ether (3 x 50 ml.), and the combined extracts were washed with water 

5 (1 X 20 ml.) and extracted with saturated sodium bicarbonate (3 x 30 mi.). The combined sodium 
bicarbonate extracts were acidified with concentrated HCI and extracted with ether (3 x 50 ml.). The ether 
extracts were washed with saturated sodium chloride (2 x 20 ml.), dried (NaaSO*), and concentrated under 
reduced pressure to give 1.55 g. of propyiacrylic acid as an oily crude product. 

The crude propyiacrylic acid (1.55 g., 13 mmole) and thiolacetic acid (1.42 g.. 18 mmole) with the 

70 addition of a few crystals of 2^'-azobis[2-methylpropanenitrilel were refluxed for 4 hours and allowed to 
stand at room temperature for 20 hours. The reaction mixture was concentrated under reduced pressure, 
and residual thiolacetic acid wa& chased with toluene to give 1.51 g. of 2-prbpyl-3-acetylthiopropionic acid. 



;5 b) 4HI2'[(Ac9tylthio)methyl]-l-oxopentyl]aminolbenzoic acid, methyl ester 

2-Propyl-3-acetylthiopropionic acid (1.91 g., 10 mmole) was -dissolved in freshly distilled ether (20 ml.) 
and cooled to -5' . Oxalyl chloride (0.88 ml., 10 mmole) was added dropwise followed by N,N-dimethylfor- 
mamrde (3 drops). The ice bath was removed and the reaction was allowed to warm to room temperature 

20 as gas evolved. After stirring at room temperature for 3 hours, the reaction was a clear yellow solution with 
a small amount of a gummy yellow precipitate. The solvent was removed in vacuo and the residue was 
chased with tetrahydrofuran. The resulting yellow oil was dissolved in dichloromethane (10 nil.), cooled to 
O". and added to a solution of 4-aminobenzolc acid, methyl ester (1.52 g.. 10 mmole) ^ and 
diisopropyiethylamine (1.75 mi., 10 mmole) in dry dichloromethane (30 ml.) at 0*. After stirring at 0 (10 

25 minutes) and at room temperature (17 hours), the reaction was washed with saturated sodium bicarbonate. 
HCI (1 M). and saturated sodium chloride. The organic phase was dried (MgSO*), filtered, and the solvent 
removed' in vacuo to give 2.55 g. of the desired product as a yellow solid, flecrystaliization from 
dichlorometiiane^d hexane provides 2,2 g, of ^4-[[2-[(acetylthio)methyl]-1-oxopentyl]amino]benzoic acid, 
methyl ester as white needles: m.p. 102.5 - 103,5* . 

30 

c) 4'{[2-(Mercaptomethyl)-1-oxopentyl]amino]ben2oic acid 

Sodium hydroxide (1M. 25 ml., 25 mmole) and methanol (25 ml.) were degassed with argon and added 
35 to 4-C[2-[(acetylthio)methyi]-1-oxopentyl]amlno]ben20ic acid, methyl ester (2,0 g.. 6.18 mmole) under argon. 
Upon" stirring for 10 minutes all of the starting material dissolved and the clear yellow reaction was allowed 
to stir for 16 hours at room temperature. The reaction mixture was washed with ether, acidified to pH 1 with 
concentrated HCI. and extracted with ethyl acetate. The organic extracts were combined, dried (MgSOi). 
filtered, and the solvent removed. The white solid residue was purified by flash chromatography (150 g. of 
40 Whatman LPS-1; 5% acetic acid. 20% ethyl acetate. 75% hexane) to give 1.34 g. of 4-{[2- 
(mercaptomethyl)-1-oxopentyi]amino]benzoic acid as a white solid: m.p. 207.5 - 208.5* . TLC (silica gel: 5% 
acetic acid. 40% ethyl acetate, 55% hexane) rr = 0.39. 



Anal, calc'd. for C13H17NO3S: 





C, 58.40: 


H. 6.41 : 


N. 5.24; 


S. 11.99: 


SH, 12.37 


Found: 


C, 58,49; 


H. 6.47; 


K 62V, 


S. 11.79; 


SH. 12.32. 



50 

Example 4 

55 

4-[[2-(Mercaptomethyl)-3-methyl-l -oxobutyllamrnolbenzoic acid 
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a) 2-[(Acetylthio)methyl]-3-methyibutanoic acid 

Potassium hydroxide (100 g.. 1.79 mole) was dissolved wtth cooling in distilled water (100 ml.). Diethyl 
isopropyl malonate (100 ml.. 488 mmole) was added and the two phase reaction mixture was heated at 70* 

5 for 18 hours. The homogeneous, clear brown reaction mixture was cooled to room temperature, acidified to 
a pH of 1 with concentrated HCI. and extracted with ethyl acetate. The organic extracts were dried 
(IV/lgS04). filtered, and the solvent removed in vacuo to yield 80.79 g. of crude product. Recrystallization 
from isopropyi ether and hexane provides 67.5"g. of isopropyl maionic acid as a white solid. 

Isopropyl maionic acid (65 g.. 450 mmole) was dissolved in distilled water (400 ml.) and 37% aqueous 

10 formaldehyde (37.9 g.. 470 mmole) and 40% aqueous dimethylamine (52.6 g.. 470 mmole) were added and 
the mixture was stirred for 1 6 hours. The clear yellow solution was then heated at 80 ' for 1 2 hours during 
which time a gas evolved. After cooling to room temperature, the reaction was acidified to pH 1 with 
concentrated HCI. and extracted with ether and dichloromethane. The combined organic extracts were dried 
(MgSO*). filtered and the solvent removed in vacuo to give 42.84 g. of isopropyl acrylic acid as a yellow oil. 

/5 Thiolacetic acid (22 ml., 307 mmole) and isopropyl acrylic acid (10 g., 37.6 mmole) were combined and 
heated at 80* for 70 minutes and then allowed to stir at room temperature overnight. The thiolacetic acid 
was removed by distillation in vacuo (aspirator, 40 - 45 ' ) and the residue was chased several times with 
toluene to yield 20.04 g. of a clear yellow liquid. A portion (6.67 g.) of this matenal was purified by flash 
chromatography (300 g. of Whatman LPS-1, 15% acetone and hexane) to provide 3.896 g. of 2-{(acetylthio)- 

20 methyl]-3-methylbutanoic acid as a yellow oil. 



b) 4-[[2-{(Acetyltiito)nnethyl]-3-methyl-1'Oxobutyl]amino]benzoic acid, methyl ester 

25 The 2-C(acetylthio)methyl]-3-methylbutanoic acid (1.556 g., 8.18 mmole) was dissolved in freshly 
distilled ether (20 mi.) and cooled to -5*. Oxalyl chloride (0.71 ml.. 8.18 mmole) was added dropwise 
followed by N.N-dimethylformamide (3 drops). The ice bath was removed and the reaction was allowed to 
warm to room temperature as gas evolved. After stirring at room temperature for 1.66 hours, the reaction 
was a clear yellow solution with a small amount of gummy yellow precipitate. The solvent was removed in 

30 vacuo and the residue was chased with tetrahydrofuran. The resulting yellow oil was dissolved in 
dichloromethane (10 ml.), cooled to o' . and added to a solution of 4-aminoben20ic acid, methyl ester (1.24 
g. 8.18 mmole) and diisopropylethyl amine (1.42 ml., 8.18 mmole) in dry dichlorometiiane (30 ml.) at O'., 
After stirnng 10 minutes at O' and then 16 hours at room temperature, the reaction was washed with 
saturated sodium bicarbonate, 1.0 M HCI. and saturated sodium chlonde. The organic phase was dried 

35 fMgSO*). filtered, and the solvent removed in vacuo to give 2.22 g. of 4-[[2-C{acetylthio)metiiyl]-3-methyl-1- 
oxobutyl]amino]benzoic acid, methyl ester as a yellow solid. 



c) 4-{[2-{Mercaptomethyl)-3-methyl-l-oxobutyl]amino]benzoic acid 

Sodium hydroxide (1.0 M, 25 ml., 25 mmole) and methanol (25 ml.) were degassed with argon and 
added to 4-([2-[(acetylthio)methyn-3-methyl-1-oxobutyl]amino]benzoic acid, methyl ester (2.0 g.. 6,18 
. mmole) under argon. Upon stirring for 10 minutes all of the starting material dissolved and the clear yellow 
reaction was allowed to stir for 5 hours at room temperature. The reaction mixture was then acidified to pH 
45 of 1 with concentrated HCI and extracted with ethyl acetate. The organic extracts were combined, dried 
(MgSO*), filtered, and then the solvent removed. The white solid residue was purified by flash chromatog- 
raphy (160 g. of Whatman LPS-l; 5% acetic acid, 20% ethyl acetate. 75% hexane) to yield 238 mg. of 4-C- 
(2-(mercaptomethyl)-3-methyl-1-oxobutyl]amino]benzoic acid as a white solid: m.p. 250 - 270* (dec). TLC 
(silica gel; 5% acetic acid. 40% etiiyi acetate. 55% hexane) Rt = 0.34. 



Anal, calc'd. for C13H17NO3S: 



Found: 



53.40; 
58.41 ; 



H. 6.41 : 
H, 6.45: 



5.24; 
5.05: 



S, 1 1 .99: 
S. 11.78: 



SH, 12.37 
SH, 12.27; 
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Example 5 



4>[[2-{Mercaptom8thyl)-4'fnethvl-1 -oxopentyl]aminolbenzoic acid 



a) 4-[[2-{(Acetylthio)niethy)]-4-methyl- 1 ■oxopentyl]aminolben20ic acid, methyl ester 

2-[{Acetylthio)methyi]-4-methylpentanoic acid (1.5 g., 7.34 mmole) [prepared as described by Sundeen 
et al. in U.S. Patent 4,235.885 in Example 1] was dissolved in freshly distilled ether (15 ml.) and cooled to 
-5*, Oxalyl chloride (0.64 ml., 7.34 mmole) was added dropwise fallowed by N.N-dimethylformamlde (3 
drops). The ice bath was removed and the reaction was allowed to warm to room temperature as gas 
evolved. After stirring at room temperature for one hour, the reaction was a clear yellow solution with a 
small amount of gummy precipitate. The solvent was removed in vacuo and the residue was^ chased with 
tetrahydrofuran. The resulting yellow oil was dissolved in dichloromethane (10 ml.}, coded to O' . and added 
to a solution of 4-aminobenzoic acid, methyl ester (1.11 g.. 7.34 mmole) and diisopropylethylamine (1.42 
ml., 8.18 mmole) in dry dichloromethane (20 ml.) at O' . After stirring for 10 minutes at O' and then for one 
hour at room temperature, the reaction was washed with saturated sodium bicarbonate. 1.0 M HCI. and 
saturated sodium chloride. The organic phase was dried (MgSO^), filtered, and the solvent was removed in 
vacuo to yield 2,16 g. of crude product as a yellow solid. Purification by flash chromatography (130 g. of 
Whatman LPS-l, 20% ethyl acetate, hexane) followed by a second chromatography (100 g. of Whatman 
LPS-1. 18% ethyl acetate, hexane) gave 1.89 g. of 4-([2-{{acetyithto)methyl]-4'methyi-1-oxopentyllaminoh 
benzoic acid, methyl ester. TLC (silica gel: 20% ethyl acetate, hexane) Rt = 0.20. 



b) 4-[[2-(Mercaptomethy l)-4-methy h 1 -oxopenty l]amino]benzoic acid 

The methyl ester product from part (a) (1.89 g.. 5,33 mmole) was dissolved in methanol (35 ml.) and 
degassed by bubbling argon through the mixture. Sodium hydroxide (1.0 M, 16 ml. 16 mmole) was added 
and the reaction was allowed to stir for 2 hours at room temperature. The reaction rruxture was concentrated 
in vacuo: and the residue was dissolved in water (200 ml,), and washed with dichloromethane. The aqueous 
iayeTwas acidified to a pH of 1 with concentrated HCI and extracted with ethyl acetate. The organic extracts 
were combined, dried (MgSO*). filtered, and the solvent removed. The white residue. was purified by flash 
chromatography (130 g. of Whatman LPS-1, 5% acetic acid, 10% ethyl acetate. 85% hexane) to give 1.25 
g. of 4-CI2-(mercaptomethyl)-4-methy!-1-oxopentyi]aminolbenzoic acid as a white solid; m.p. 200 - 201 . 
TLC (silica gel: 35% ethyl acetate. 5% acetic acid. 60% hexane) Rf = 0.66. 



AnaL calcU for C14H19NO3S: 



Found: 



C. 59.76; 


H, 6.81: 


N. 4.98; 


S, 11.39: 


C. 59.66; 


H. 6.96: 


N, 4.90, 


S. 11.45: 



SH. 11.75 
SH, 11.79. 



Example 6 



4-[[2-(MercaptQmethy I)- 1 -oxobutyl]amino)benzoic acid 



a) 2-((Acetyithio)methynbutanoic acid 

Diethylethyl malonate (20 g., 106.3 mmole) was placed in a flask with potassium hydroxide (22.9 g., 
408.1 mmole) and water (18,3 mi.). The reaction was stirred at reflux for: 27 hours then cooled to room 
temperature. The reaction was diluted with wat r (200 ml,), washed with ethyl acetate, acidified to pH 1 with 
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concentrated HCI, and extracted with ethyl acetate. Th organic phase was dned (MgSG*), filtered, and 
concentrated in vacuo to. yield a yellow solid which was recrystallized from isopropyl ether and hexane to 
yield 46.7 g. of ethylnnaJonic acid as a yellow crystalline solid: m.p. 112'. 

The ethylmaionic acid (45 g.. 340 mmole) was dissolved in water (300 ml.), and 37% aqueous 

5 formaldehyde (29' g.. 358 mmole) and dimethylamine (49 g.. 358 mmote) were added. The solution was 
stirred at room temperature for 24 hours and then the reaction was heated to 80 ' until the solid dissolved 
and the evolution of gas ceased. After 5 hours, the reaction was acidified to pH 1 with concentrated HCI, 
extracted with dichloromethane, dried (MgSO*). filtered, and concentrated in vacuo (bath temperature of 
20 ' ) to give 1 6.2 g. of ethyl acrylic acid as a clear colorless liquid. 

JO A mixture of the ethyl acrylic acid (16 g.. 159.8 mmole) and thiolacetic acid (40 ml.. 559.3 mmole) was 
stirred for one hour at room temperature and then at 80 " for 2- hours. The reaction was cooled to room 
temperature and the thiolacetic acid was azectroped with toluene in vacuo (aspirator) to give 25 g. of a 
yellow oil- Purification of 5 g. of this matenal by flash chromatograiDhy (Whatman IJ=»S-1: 15% acetone, 
hexane) yields 4.46 g. of 2-[(acetylthio)methyl]butanoic acid. 

15 

b) 4-{[2-[(Acetylthio)methyl]-1-oxobutyl]amino]ben2oic acid, methyl ester 

A solution of 2-{(acetylthio)methyl]butanoic acid (1.87 g., 10.61 mmole) in freshly distilled ether (15 ml.). 

20 under argon, was cooled to O'. Oxalyl chloride (0.93 ml., 10.61 mmole) and N.N-dimethylformamide 
(catalytic amount) were added and the yellow solution was stirred at room temperature. After 2 hours, the 
reaction was concentrated in vacuo and chased with tetrahydrofuran. The resulting yellow oil was dissolved 
in dichloromethane (10 mL). cooled to O'. and added to a solution of 4-aminoben2oic acid.. methyl ester 
(1.6 g., 10.61 mmole) and diisopropylethylamine (1.85 ml.. 10,61 mmole) in dichloromethane (20 ml.) ato'. 

25 The orange solution was warmed to room temperature and stirred under argon for 2 hours. The reaction 
mixture was then washed with saturated sodium bicarbonate. 1.0 M HCI, and saturated sodium chloride. 
The organic phase was dried (MgSOA). filtered, and concentrated in vacuo to yield an orange solid. 
Punfication by flash chromatography (140 g, of Whatman tPS-i silica gel: 23% ethyl acetate, hexane) 
yielded a white solid: m.p. 109 -ni'. Further purification by recrystaliization from dichlororhethane and 

30 hexane yielded 2.22 g. of 4-{[2-((acetytthio)methyl]-1-oxobutyl]amino]benzojc acid, methyl ester as a white 
solid. 





Anal, calc'd. for CisHi 


9NO4S: 






35 




C, 58.23; 


H. 6.19: 


4.53; 


S. 10.36 




Found: 


C. 58.32: 


H. 6.21: 


N. 4.40: 


S. 10.05. 



c) 4-[[2-(Mercaptomethyl)' 1 -Qxobutyl]amino]ben20ic acid 

The methyl ester product from part (b) (1.73 g., 56.59 mmole) was dissolved in methanol (37 ml.), 
degassed with argon, and cooled to O" . Over a ten minute period. 1.0 N sodium hydroxide (16.8 ml.. 16.8 
mmole) was added, and the reaction was again degassed with argon and stirred for 2 hours under argon at 
room temperature. The reaction was then concentrated in vacuo, diluted with water (50 ml.), acidified to pH 
1 with concentrated HCI, and extracted with ethyl acetate. The organic phase was dried (MgSO*.). filtered, 
and concentrated in vacuo to yield 1.33 g. of a white solid. Purification by flash chromatography (85 g. of 
Whatman LPS-1; 12% ethyl acetate, 5% acetic acid, 83% hexane) yielded the product eluting with the 
starting material. This material was redissolved in 1.0 N sodium hydroxide and extracted with chloroform. 
The aqueous phase was acidified to pH 1. extracted with ethyl acetate, dried (MgSOi). and concentrated in 
vacuo to a white solid; Purification by flash chromatography (146 g. of Whatman LPS-1; 10% ethyl acetate? 
5% acetic acid. 85% hexane) yielded 1.24 g. of 4-[[2-(mercaptomethyl)-1-oxobutyiIamino]benzoic acid as a 
white solid: m.p. 216-217* (dec). TLC (silica, gel: 35% ethyl acetate, 5% acetic acid, 60% hexane) Rf = 
0.61. 
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Anal, calc'd. for C12H15NO3S; 



C. 56,67; 


H, 5.99; 


N, 5.51: 


S, 


12.61: 


C. 56.65; 


H. 6.15; 


N. 5.30; 


S. 


12.57: 



Found: 



SH, 13.00 
SH, 13.26. 



Example 7 



3-[[2>{Mercaptomethyl)-1 -oxo-3-phenyipropyl]amino]benzoic acid 



a) 3-[[2-{(Acetylthio)methy(]-1-oxo-3-pheny(propyl]amino]benzoic acid, nr^ethyl ester 



25 



30 



3-Acetyithio-2-bBnzyipropanoic acid (2.0 g., 8.84 mmole) was dissolved in freshly distilled ether (20 ml.) 
and cooled to -5*. Oxalyl chloride {0.77 mi„ 8.84 mmole) was added dropwise followed by N.N- 
dimethylformamide (3 drops). The ice bath was removed and the reaction was allowed to warm to room 
temperature as gas evolved. After stirring at room temperature for 1,5 hours, the reaction was a clear yellow 
solution with a small amount of gummy yellow precipitate. The solvent was removed in vacuo and the 
residue was chased with tetrahydrofuran. The resulting yellow-green oil was dissolved in freshly distilled 
dichloromethane (10 ml.), cooled to O' . and added to a solution of 3-aminobenzoic acid, methyl ester (1.13 
g., 8.84 mmole) anc( diisopropylethylamine (1.54 ml., 8.84 mmole) in dry dichloromethane (20 ml.) at 0*. 
After stirring for ten minutes at 0 ' and then overnight at room temperature, the reaction was washed with 
saturated sodium bicarbonate, 1.0 M HCI. and saturated sodium chloride. The organic phase was dried 
(MgSO*). filtered, and the solvent was removed in vacuo to yield 2.77 g. of crude product as a brown oil. 
Purification by Hash chromatography (120 g, of Whatman LPS-1: 20% ethyl acetate, hexane) yielded 1.76 g. 
of 3-([2-{(acetylthio)methyl]- 1-0X0-3- phenylpropyl]amino]benzoic acid, methyl ester as a tan solid: m.p. 101 
- 102.5' . TLC (silica gel; 20% ethyl acetate, hexane) Rt = 0.13. 



b) 3-{[2-(MercaptQmethyl)-1-oxo-3-phenylpropyl]amino]ben2Qic acid 

The methyl ester product from part (a) (1,53 g.. 4.11 mmole) was dissolved in 12 ml. of methanol, 
sodium hydroxide (1.0 M, 12 ml. 12 mmole) was added, and the reaction was degassed in vacuo and 
placed under argon. After stirring for 2.5 hours at room temperature, an additional amount of sodium 
hydroxide (8 ml.) was added. After stirring for an additional 2 hours, the reaction was acidified to pH 1 with 
concentrated hydrochloric acid. The methanol was removed In vacuo and the aqueous residue was 
extracted with ethyl acetate. The organic extracts were combined, dried (MgSO*). filtered, and the solvent 
removed. The residue was purified by flash chromatography (100 g. of Whatman LPS-1. 5% acetic acid. 
20% ethyl acetate, 75% hexane) to yield 1.1 g. of 3-[[2-<mercaptomethyt)-1-oxo-3-phenylpropyllaminoh 
benzoic acid as a white solid; m.p. 173 - 175*. TLC (silica gel; 5% acetic acid, 40% ethyl acetate. 55% 
hexane) Rf = 0.33. 

Anal, calc'd. for C^^H^^NO^S: 

C, 64*74; 5.43; 4.44; S, 10.17; 
SH, 10.49 

Foxind: C, 64.89; H, 5.42; 4.37; S. 10.18; 
SH, 10.67. 
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Example 8 



5 (S)-3-{(3-Mercapto-2-methyl-l-oxopropyl)amino]ben20ic acid 



a) (S)-3-[[3-[(Acetyithio)methyf]-2-methyl- 1 -oxopropy l]amino]benzoic acid, methyl ester 

70 A mixture of S-aminobenzoic acid, methyl ester (1.01 g., 6.7 mmole) and diisopropylethylamine (1.3 ml.. . 
7.4 mmole) was dissolved in freshly distilled dichicromethane (20 ml.). After cooling to o'. D-3-(acetylthio)- 
2-methylpropanoyl chloride (1.0 ml.. 6.7 mmole) was added dropwise and the reaction was allowed to stir 
and warm (o room temperature over 15 hours. The reaction mixture was then washed with saturated sodium 
bicarbonate. 1.0 M HCl, and saturated sodium chloride solutions. The organic phase was then dried 

js (MgSOi). filtered, and the solvent removed to give 2.12 g. of crude product as a brown oil. Purification by 
flash chromatography (100 g. of Whatman LPS-1: 20% ethyl acetate, hexane) yielded 1.62 g. of (S)-3-C[3-[- 
(acetylthio)methyl]-2-methyl-1-oxopropylJamino]benzoic acid, methyl ester as a white, glassy solid. TLC 
(silica gel: 20% ethyl acetate, hexane) Rf = 0.09. 

20 

b^ (S)~3-[(3-Mercapto-2-methyl- 1 -oxopropyl)amino ]benzoic acid 

The methyl ester product from part (a) (1.62 g., 5.49 mmole) was dissolved in methanol (22 mi.), 
sodium hydroxide (1.0 M. 22 ml.. 22 mmole) was added and the reaction was degassed in vacuo and 

25 placed under argon. After stirring for 2 hours at room temperature, the reaction was washed with ethyl 
acetate. The aqueous layer was acidified to pH 1 with concentrated HCl and extracted with ethyl acetate. 
The organic extracts were combined, dried (MgSO*), filtered, and the solvent removed. The residue was 
punfied by flash chromatography (110 g. of Whatman LPS-1: 5% acetic acid. 20% ethyl acetate. 75% 
hexane) to yield 968 mg, of (S)-3-[(3-mercapto-2-methyl-1 -oxopropy l)amino]benzotc acid as a white solid: 

30 m.p. 195 - 196': [ah = -73.6* (c = 0.72. methanol). TLG (silica gel: 5% acetic acid, 40% ethyl acetate, 
55% hexane) Rf = 0.31. 



Anal, calc'd. for Ct * H* 


3NO3S: 










C. 55.21; 


H. 5.48: 


N. 5,85; 


S. 13.40: 


SH. 13.82 


Found: 


C, 55.22: 


H. 5.37: 


N. 5.89: 


S, 13.13: 


SH. 13.99. 



40 

Example 9 



3-{[2-(Mercaptomethyl)-4-methyt-l-oxopentyl]amino]benzoic acid 



a) 3-Aminobenzoic acid, methyl ester, hydrochloride 

A suspension of 3-aminobenzoic acid (10 g.. 72.9 mmole) in methanol (200 ml.) was cooled to -IO' and 
treated dropwise with thionyl chloride (17.3 g. 146 mmole) keeping the temperature below -5'. After the 
addition was complete, the reaction mixture was allowed to warm to ambient temperature ovemight. The 
mixture was concentrated in vacuo , and the residue was twice triturated with ether to give 13.2 g. of 3- 
aminobenzoic acid, methyl ester, hydrochloride as a white solid: m.p. 207 -216*. TLC (silica gel; 
chloroform:methanol:acetic acid. 18:1:1) Rt = 0.70. 



b) 3-[[2-[(Acetylthio)methyl)-4-methyl-1-oxopentyl]amino]benzoic acid, methyl ester 
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A solution of 2-f(acetyithio)methyl]-4-methyip ntanoic acid (2.85 g.. 13.95 mmol ) in dry ether (30 ml.) 
under nitrogen was treated with oxalyl chloride (1.77 g., 13.95 mmole) followed by N,N-dimethylforniamide 
(3 drops). The reaction mixture was stirred at room temperature for 2 hours, concentrated In vacuo , and 
then twice concentrated from dry tetrahydrofuran (30 ml.) to give 2-C(acetylthio)methyl]-4-methyipentanoyl 
chloride. 

A solution of 3*anriinofaen2oic acid, methyl ester, hydrochloride (2.62 g., 13.95 mmole) in dry dich- 
loromethane (20 ml.) was treated with diisopropylethylamine (1.8 g., 13.95 mmole), and the reaction mixture 
was cooled to -s' under nitrogen. This mixture was treated concun-ently with a solution of the above 2-[- 
(acetyithio)methylH-fnethylpentanoyl chloride in dichloromethane (20 ml.) and with diisopropylethylamine 
(1.8 g., 13.95 mmole). The mixture was stirred cold for 2 hours and then allowed to come to ambient 
temperature overnight. The reaction mixture was concentrated in vacuo. The residue was dissolved in ethyl 
acetate (100 ml.), and this solution was washed with 25 ml. portions of 10% potassium bisulfate, water, 5% 
sodium bicarbonate, water, and brine, dried (MgSO*), and concentrated in vacuo to give 4.6 g. of crude 
product. Flash chromatography (400 g. of Merck 9385 silica gel. eluting with 7:1 pefroleum ether:acetone) 
gives 3.8 g. of 3-{[2-t(acety!thio)methytl-4-methyt-1-oxopentyl] amino]benzoic acid, methyl ester as an oil. 
TLC (silica gel; petroleum ether:acetone. 5:1) Rf = 0.23. 



25 



c) 3-[[2-(Mercaptomethyl)-4-methyl-1-Qxopentyllamino]ben20ic acid 

A solution of the metiiyl ester product from part (b) (3.7 g., 10.9 mnnole) in methanol (80 ml.) was 
cooled in an ice bath under nitrogen and treated dropwise with 1N sodium hydroxide (32,9 ml., 32.9 
mmole). The reaction mixture was stinted cold for 15 minutes and then allowed to warm to ambient 
temperature overnight. The methanol was removed in vacuo , and the aqueous residue was diluted witin 
water (100 mL). The mixture was acidified with concentrated HCI and extracted with 3 x 75 ml. of etiiyl 
acetate. The organic extract was washed with water and brine, dried (MgSO*), and concentrated in vacuo to 
give 2.9 g. of crude product. Rash chromatography [300 g. of Merck 9385 silica gel; eluting with 
toluene:acetic acid (10:1)] gave 2.02 g. of 3-{[2-(mercaptomethyl)-4-metiiyl-1-oxopentyi]amino3benzoic acid 
as a white solid: m.p. 206 - 210* . 



Anal, caic'd, for CuHisNOaS; 



Found: 



c, 


59.76: 


H. 6.81: 


N, 4.98; 


S, 


11.39: 


c, 


60.06: 


H. 6.78; 


N. 4.94: 


S. 


11.17; 



SH. 11.75 
SH, 11.45. 



Example 10 

40 



4-[I3.3.3-Trifluoro-2-(mercaptometiiyl)-1 -oxopropyllamino]benzoic acid 



a) 2-[(Acetyltiiio)methyll-3.3.3-trifluoropropanoyl chloride 

crTrifiuoromethyl acrylic acid (10 g., 71 mmole) [prepared as described in J. Chem Soc, 1954 , p. 371] 
was cooled in a salt-ice water bath, stirred, and treated portionwise with 97% thiolacetic acid (5.7 ml.. 75 
mmole). After the addition, the yellow liquid was stored in the cold for one hour, allowed to warm to room 
temperature, and distilled to yield 14 g. of 2-((acetyltiiio)methyl]-3,3.3-trifluoropropanoic acid as a light 
yellow oil: b.p. 149 - 153* (13 mm.). 

This acid (7.0 g., 32 mmole) was treated with redistilled thionyl chloride (18 ml., 25 mmole) and tiie 
mixture was refluxed for 3 hours. After removing excess thionyl chloride on a rotary evaporator, the residue 
was distilled to give 24(acetyltiiio)metiiyl]-3.3,3-trifluoropropanoyl chloride as a pale yellow oil; b.p. 80 - 82. 
(16 mm.). 
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b) 4'[[3.3.3-TrifluorQ-2-{(ac8tylthio)methyl]-1-oxopropyi]amino]benzoic acid 

4-Aminobenzoic acid (685 mg.. 5 mmole) was suspended in acetonitnle {10 mi.). Bis(trimethylsilyl)- 
trifluoroacetamide (4 ml.) was added and the solid went into solution immediately. The resulting solution 

5 was stirred for 3 hours at room temperature. The 2-{(acetylthio)methylh3.3.3-trifluoropropanoyl chloride (1 
g„4.26 mmole) in acetonitnle (2 ml.) was added, and the mixture was stirred overnight at room temperature. 
The reaction mixture was concentrated on a rotary evaporator. Water (20 ml.) was added to the residue and 
this mixture was stirred for 15 minutes. It was then partitioned between ethyl acetate and 5% potassium 
bisulfate. The ethyl acetate solution was washed with brine and concentrated to a yellow solid. This was 

to chromatographed on Merck silica (300 ml.) eluting with dichlorom ethane :methanol:acetic acid. 40:1:1 to give 
810 mg. of 4-([3.3.3-trif!uoro-2-C(acetylthio)methyl]-1-oxopropyl]amino]benzoic acid as a white solid. TLC 
(silica gel; dichloromethane:methanoI:acetic acid, 40:1:1) R( = 0.72. 



'5 c) 4-([3.3.3-Trifluoro-2-<mercaptomethyl)-1-oxopropyl]amino]benzoic acid 

The product from part (b) (810 mg.. 2.42 mmole) was stirred at 0* under argon with concentrated 
ammonium hydroxide (1.6 mi.) and water (3.5 ml.) for 15 minutes. 5% Potassium bisulfate (100 ml.) was 
added and the resulting solution was extracted with ethyl acetate. The combined ethyl acetate layers were 
20 vyashed with brine, dried (MgSO*), and concentrated to a beige solid which was then chromatographed on 
Whatman LPS-1 silica (300 ml.) using dichloromethane:methanoi:ac8tic acid (40:1:1) as the eluant to give 
270 mg, of 4-{[3.3.3-trifluoro-2-(mercaptomethyi)-1-oxopropyl]amino]benzoic acid as a white solid; m.p. 
217*: [Qt]o = +2.2* (c = 0.23, methanol). TLC(siiica gel: dichloromethane: methanol:acetic acid, 20:1:1) Rf 
= 0.50. 



Anai. calc'd- for Ci i H13F3NO3S 



Found: 



C. 45.05: 


H. 3.44: 


N. 4.78; 


S, 


10.93; 


C. 45.41: 


H. 3.39: 


N, 4:64: 


S, 


1 1 .08: 



SH. 11.28; 
SH. 11.62: 



F. 19.44 
F. 19.66. 



35 Example 1 1 



3-[[3.3.3-TnfluQro-2-(mercaptomethyl)-1-oxopropyl]amino]benzoic acid 



a) 3-{[3.3.3-Trifluoro-2'[(acetylthio)methyl]-1-oxopropynamtnolbenzoic acid 

3-Aminobenzoic acid (2.0 g., 14.58 mmole) was placed in a flask under argon and suspended in dry 
acetonitnle (15 ml.). The suspension was cooled to O' and bts(tnmethylsjlyl)trifluoroac8tamide (7.7 ml., 29.2 
mmole) was added. Within 20 minutes ait of the solid had dissolved and the 2-[{acetylthio)methyl]-3.3,3- 
trifluoropropanoyl chloride (1.49 g., 6.35 mmole) was added dropwise. The reaction was allowed to stir and 
warm to room temperature overnight. The reaction mixture was partitioned between ethyi acetate and 1 .0 M 
HCI and the aqueous layer was extracted with ethyl acetate. The combined organic extracts were dried 
(MgSO*), filtered, and the solvent removed to yield 2.0 g. of crude product as a white solid. The residue 
was purified by flash chromatography (100 g. of Whatman LPS-1. 5% acetic acid, 20% ethyl acetate, and 
75% hexane) to yield 1.54 g. of 3-{[3,3,3-trif!uoro-2-[(acetylthio)methyl]-l-oxopropy!]amino]benzoic acid as a 
white solid: m.p. 205.5 - 206.5* . 



b) 3-{[3,3.3-TrifluorO'2-<mercaptomethyO-1-oxopropyl]amino]benzoic acid 

The product from part (a) (500 mg.. 1,49 mmole) was placed in a flask under argon and aqueous 
arnmonium hydroxide (1.2 ml., 4.0 M) was added. The solid dissolved and th r action became clear 
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yellow. After stirring for 40 minutes, the reaction was acidified with 1.0 M HCI and thien extracted with ethyl 
acetate. The combined organic extracts were dried (MgSO*) and th solvent was removed to yield 381 mg. 
of crude product as a yellow solid. Purification by preparative HPLC (YMC S345 50 x 200 mm column. 50 
74% methanol in water containing 0.1% trifluoroacetic acid linear gradient over 50 minutes. 18.6 mLmin. 
flow rate. UV detection at 220 nm) gave 140 mg. of 3-{[3.3,3-trifluoro-2-{mercaptomethyl)-1-oxopropyll- 
aminolbenzotc acid as a white solid; m.p. 234 - 236' (dec). TLC(silica gei; 5% acetic acid, 40% ethyl 
acetate. 55% hexane) Rf = 0.33. 



Anal, caic'd. for Ci .H1QF3NO3S: 



Found: 



C, 45.05; 


H, 3,44; 


N, 4.78; 


F, 


19.44: 


s, 


10.93; 


C. 44.87; 


H. 3.38; 


N. 4.67; 


F. 


19.05: 


S. 


10.73; 



SH. 11.28 
SH. 11,58. 
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Example 12 



4-[(3-Mercapto-1-oxo-2-phenylpropyl)annino]benzoic acid 



a) 3-(Acetyithio)-2-phenylpropanoic acid 

Thiolacetic acid (5.32 g.. 70 mmole) was added dropwise to a solution of atroprc acid (7.4 g.. 50 mmole) 
In chloroform (75 ml.). The solution was allowed to stand overnight at room temperature. The solvent was 
removed on the rotary evaporator and th© semi-solid residue was triturated with hexane to 9.3 g. of product; 
m.p. 96 - 98*. Recrystallization from cydohexane gave 3-(acetylthio)-2-phenylpropanoic acid as a solid; 
m.p. 94-96'. 





Anal, caic'd. for Ct 1 Hi 2O3S: 


36 




C, 58.91; 


H. 5.40; 


S. 14.30 


Found: 


C. 58.69; 


. H, 5.40; 


S. 14.20. 



40 

b) 4-{[3-{AcBty Ithio)- 1 -oxo-2'pheny Ipropy l]amino]benzoic acid, methyl ester 

A solution of 3-(acetylthio)-2-phenylpropanoic acid (2.55 g., 11.37 mmole) in distilled ether (15 ml.) 
under argon was cooled to 0*. Oxalyl chloride (0.99 ml., 11.37 mmole) and N,N-dimethylformamide (3 

4s drops) were added and the yellow solution was stirred at room temperature. After 2 hours, the reaction was 
concentrated in vacuo and chased with tetrahydrofuran. The resulting yellow oii was dissolved in dich- 
loromethane (10 ml.), cooled to O' . and added to a solution of 4-aminobenzoic acid, methyl ester (1^.72 g., 
11.37 mmole) and diisopropylethylamine (1,98 ml., 11.37 mmole) in dichloromethane (15 ml.) at 0*. The 
orange solution was warmed to room temperature and stinred under argon for 1 hour. The reaction mixture 

50 was wasned with saturated sodium bicarbonate. 1 N HCI, and saturated sodium chloride. The organic phase 
was dried (MgSOi). filtered, and concentrated in vacuo to yield an orange foam. Purification by flash 
chromatography (445 g, of Whatman LPS-1; 23% ethyl acetate, hexane) yielded 3.66 g. of 4-[[3-(acetylthio)- 
1-oxo-2-phenylpropyl]amino]benzoic acid, methyl ester as a white solid, TLC (silica gel; 30% ethyl acetate, 
hexane) Rf = 0.30. 

55 

c) 4-{(3-Mercapto-l -oxo-2-phenylpropyl)amino]benzoic acid 



19 



BP 0 361 365 A1 



The methyl ester product from part (b) (2.94 g.» 8.56 mmof ) was dissolved in methanol (57 mi.), 
degassed with argon, and cool d to 0*. Over a ten minute period 1.0 N sodium hydroxide (26 ml.. 26 
mmole) was codded, the reaction was again degassed with argon and stirred at room temperature under 
argon. Additional sodium hydroxide was added after one hour (17 ml., 17 mmole), and two hours (17 ml.. 17 
mmole), then the reaction was stirred for 45 minutes. The reaction was concentrated in vacuo, dissolved in 
water, acidified to pH 1 with concentrated HCI, and extracted with ethyl acetate. The* organic phase was 
dned (MgSO*), filtered, and concentrated in vacuo to yield 2.39 g. of a white solid. Purification three times 
by flash chromatography (160 g. of Whatman LPS-1: 15% ethyl acetate. 5% acetic acid. 80% hexane) 
yielded 330 mg. of 4-[(3-mercapto-1-oxo-2-phenylpropyl)amino]benzoic acid as an off white solid: m.p. 240 
- 242' TLC (silica gel; ethyl acetate:acetic acid:hexane. 50:5:45) Rr = 0.58. 





Anal, caic'd. for CteHicNOsS: 






C, 63.77: 


H, 5.02: 


N. 4.65; 


S, 1 0.64: 


SH, 10.97 


/5 


Found: 


C, 64.05; 


H, 5.35: 


N. 4.68; 


S. 10.40: 


SH. 11.07. 



Example 13 



4-[[2-{Mercaptomethyl)-1-oxo-4-phenylbutyf]amino]benzoic acid 



a) 2-[(Acetylthio)methyl]-4-phenylbutanotc acid 

Phenethyl bromide (30 g., 160 mmole) was added, all at once, to a solution of sodium metai (6.5 g., 280 
mmole) and diethyl malonate (45 g.. 280 mmole) in absolute ethanol (90 ml.). After stirring for 30 minutes at 
room temperature, a white precipitate formed and the reaction temperature rose to 40*. Stirring was 
continued overnight, then the mixture was heated at reflux for 6 hours. The solvent was removed in vacuo 
and the residue was partitioned between water (250 ml.) and ether (3 x 200 ml.). The organic extracts were 
combined, washed with brine, and dried (MgSO*). Removal of the ether in vacuo yielded an amber colored, 
VISCOUS residue (46.2 g.). This material was distilled and the fraction boliing at 161 - 163* 5 mm Hg. was 
collected to give 19.5 g. of diethyl(phenylethyl)malonate. 

Diethyl(phenylethyf) malonate (114.6 g., 430 mmole) was treated with 10% aqueous sodium hydroxide 
(600 ml.) and heated under reflux with stirring for 5 hours, cooled, and allowed to stand overnight. The 
reaction was then refluxed for an additional 3 hours. The resulting clear solution was made strongly acidic 
with 20% aqueous HCI and the white precipitate that formed was filtered to yield 82.6 g. of (phenylethyl) 
malonic acid as a white solid: m.p. 128 - 130* (dec). 

A suspension of the (phenylethyl) malonic acid (78.8 g., 380 mmoie) in water (860 ml.) was treated with 
40% aqueous dimethylamine (410 mmole) and formalin (33.3 g.. 410 mmole). A clear solution fomned 
promptly, and the mixture was allowed to stand overnight at room temperature. The resulting white 
precipitate was filtered, the filtrate was acidified with 10% potassium bisulfate, and the solid that formed 
was filtered and conribined with the first crop to give 86.4 g. of phenylethyl dimethylaminomethyl malonic 
acid: m.p. 120- 122' (dec). 

This malonic acid (86.4 g., 330 mmole) was mixed with water (3 I.) and heated under reflux for 1 .5 
hours dunng which carbon dioxide evolved and a clear solution was formed. The solution was cooled, 
acidified with potassium bisulfate, and the resulting white precipitate was filtered and dried to give 48.5 g, of 
(phenylethyl) acrylic acid as a white solid: m.p. 51 - 52* (dec). 

A mixture of the (phenylethyl) acrylic acid (17.6 g.) and thiolacetic acid (50 ml.) was stirred for 24 hours 
at room temperature during which time a clear solution, formed. The solution was allowed to stand at room 
temperature for an additional week and then the excess thiolacetic acid was removed by water aspiration 
followed by a hot wat r bath and vacuum pump. The^ solid yellow residue was heated on a steam con 
under high vacuum and then triturated in hexane to give 18.2 g. of white crystalline 2-[(acetyfthib)methyi]-4- 
phenylbutanoic acid; m.p; 52 - 53* , 
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10 



b) 4-{[2' [(Acetylthio)methyl]-1-Qxo-4-phenylbutyi]amino]ben20tc acid, methyl ester 

. A solution of 2-{(acetyithio)mettiyi]-4-phenylbutanoic acid (2.72 g., 10.8 mmoie) in dry ether (25 ml.) 
under nitrogen was treated with oxalyl chloride (1.37 g„ 10.8 mmol ) followed by N.N-dimethylformamide (2 
drops), and the mixture was stin-ed at ambient temperature. After one hour, the reaction mixture was 
concentrated in vacuo, and was then twice dissolved in toluene and concentrated in vacuo . 

A solution"o7Taminobenzoic acid, methyl ester (1.63 g., 10.8 mmole) in dry dichloromethane (15 ml.) 
was cooled to -5* under nitrogen. The solution was treated concurently with a solution of the above acid 
chloride in dry dichloromethane (15 ml.) and distilled diisopropylethylamlne (1.39 g., 10.9 mmole). The 
reaction mixture was stirred cold for 2 hours, and then was allowed to warm to ambient temperature 
overnight The mixture was concentrated in vacuo . The residue was dissolved in ethyl acetate (75 ml.) and 
washed with 25 ml. portions of 10% potassium bisulfate, water. 5% sodium bicarbonate, water, and brine, 
dried (MgSOt), and concentrated in vacuo to give 4,3 g. of crude product Flash chromatography on 400 g. 
of Merck 9385 silica gel, eluting with 6:1 petroleum ethenacetone gave 3.6 g. of partially purified product. A 
second flash chromatography on 350 g. of Merck 9385 silica gel. eluting witii 10:1 toiueneracetone gave 
3.25 g, of 4-[[2-{(acetylthio)methyl]-1-oxo-4-phenylbutyl]amino[ben2oic acid, metiiyl ester as as white solid; 
m.p. 88 - 93* . TLC (silica gel: toluen8:acetone. 10:1) Rf = 0.53. 



20 c) 4-{[2'{Mercaptomethyl)- 1 -oxQ-4-phenylbutyl]aminoibenzoic acid 

A solution of the methyl ester product from part (b) (3.2 g.. 8.3 mmole) in methanol (65 ml.) was cooled 
in an ice bath under nitrogen and treated dropwise with IN sodium hydroxide soiution (24.9 ml.. 24.9 
mmole). The reaction mixture was stin-ed cold for 15 minutes, and then was allowed to warm to ambient 

25 temperature overnight The methanol was removed in vacuo . The remaining aqueous mixture was diluted 
with water (80 ml.) and washed with chloroform (2 x 30 ml.). The aqueous portion was acidified witii 
concentrated HCI and extracted with ethyl acetate (3 x 65 ml.). The organic extract was washed witii water 
and brine, dned (MgSO*). and concentrated in vaduo to give 2.5 g. of crude product. Flash chromatography 
on 250 g. of Merck 9385 silica gel eluting with (10:1) toluene:acetone gave 1.35 g. of partially purified 

30 material. Three flash chromatographies on 125 g. columns of Merck 9385 silica gel eluting with (100:1:1) 
chloroform:methanol:acetic acid followed by a final flash chromatography on 100 g. of Merck 9385 silica gel 
eluting with (20:2:1) hexanes:etiiyi acetate:acetic acid yielded 484 mg. of 4-[[2-(mercaptomethyl)-1-oxo-4- 
phenylbutyllaminolbenzoic add as a white solid: m.p. 184 - 186'. TLC (silica gel; chloro- 
form :metiianol:acetic acid, 50:1:1) R, = 0.31. 



Anal, calc'd. for CisHigNOsS • 0.26 HaO: 



Found: 



C. 64.70: 


H. 5.89; 


N, 4.19; 


S, 


9.60; 


C, 64.51; 


H. 5.93: 


N, 4,38; 


S. 


9.86; 



SH. 9.90 
SH. 9.91. 



Example 14 

46 



4-[[2-(Mercaptomethyt)'1-oxo-3-{4-(phenylmethoxy)phenyl]propyllamino]benzoic acid 



a) 2-[(Acetyltiiio)metiiyl]-3-[4-(phenyimettioxy)phenyl]propanoic acid 

A mixture of p-hydroxybenzaldehyde (91.8 g., 750 mmoie), diethyl malonate (120 g., 750 mmole), 
acetic acid (20 ml.), and piperidine (6 mi.) in dry benzene (250 ml.) was heated under reflux for 7 hours and 
then allowed to cool to ambient temperature overnight The solution was cooled in an acetone-dry ice bath 
and the solid that separated was filtered to give 138.1 g. of (p-hydroxybenzylidene) maionic acid, diethyl 
ester; m.p. 88-90'. 

A solution of (p-hydroxybenzylidene) maionic acid, diethyl ester (26.4 g„ 100 mmol ) in absolute 
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ethanol (150 ml.) was treated with 10% palladium on carbon catalyst ( 1 g.) and shaken on a Parr apparatus 
pressurized with hydrogen for 2.5 hours. The catalyst was removed by filtration, and the filtrate was 
concentrated in vacuo . The identical procedure was repeated twice with 52.8 g. {200 mmole) and 58.9 g. 
(220 mmole) of (p-hydroxybenzylidene) malonic acid, diethyl ester to give a total of 88.9 g. of (p- 

s hydroxybenzyl) malonic acid, diethyl ester as a solid; m.p. 47 - 48 ' . 

A solution of (p-hydroxybenzyl) malonic acid, diethyl ester (13.3 g., 50 mmole) in IN sodium hydroxide 
(50 ml.) and 95% ethanol (50 ml.) was treated under nitrogen with benzyl bromide (8.5 g., 50 mmole), and 
the reaction mixture was stirred at ambient temperature overnight. The ethanol was removed in vacuo. The 
resulting suspension was extracted twice with ether (200 ml.). The ether extract was washed with brine (100 

10 ml.), dried (MgSO*). and concentrated in vacuo to yield 7.7 g. of [p-(benzyloxy)ben2yl] malonic acid, diethyl 
ester as a yellow oil. The aqueous layer was acidified and extracted with ether. This ether extract was dried 
(MgSOd.) and concentrated in vacuo to yield 4.0 g. of [p-(benzyloxy)benzyl] malonic acid, monoethyl ester 
m.p. 70 - 80' . 

A suspension of the above diethyl ester product (7.7 g.. 22 mmole) and the monoethyl ester product 
15 (4.0 g.. 12 mmole) in 10% sodium hydroxide (100 ml.) was heated under reflux for 5 hours. The solution* 
was filtered, cooled and acidified with 20% HCI. The resulting white solid was collected to give 7.1 g. of [p- 
{benzyloxy)benzyl] malonic acid as a white crystalline solid; m.p. 149 - 151 ' (dec). 

A mixture of the above malonic acid product (94.6 g.. 320 mmole). 40% aqueous dimethylamine {37.7 
g.. 330 mmole), and 37% aqueous formaldehyde (26.7 g., 330 mmole) in water (700 ml.) was stirred 
20 overnight at ambient temperature. The crystalline solid that separates was filtered to give 104.6 g. of [p- 
(benzyloxy)benzyl][(dimethylamino)methyl] malonic acid: m.p. 114 - 116* (dec). 

A solution of [p-(benzyloxy)benzyl][{dimethylamino)methyi] malonic acid (78 g.. 220 mmole) in water (3 
I.) was heated under reflux for one hour (gas evolves), and then was refrigerated overnight. The mixture was 
acidified with 10% potassium bisulfate and the resulting white precipitate was extracted into ether. The 
25 ether extract was washed with brine, dried (MgSO*). and concentrated in vacuo to a solid residue. This 
solid was triturated with petroleum ether and filtered to give 41 g. of [p-(be7Tzyloxy)ben2yl] acrylic acid; m.p. 
107-110'. 

This acrylic acid (26.8 g.. 100 mmole) was added portionwise to thiolacetic acid (50 ml.) at ambient 
temperature, resulting in a fine suspension. The mixture was warmed briefly at 50' . and the resulting clear 
30 solution was stirred at ambient temperature under nitrogen for 72 hours. The crystalline precipitate was 
filtered and triturated with hexane to give 29,8 g. of crude product; m.p. 117 - 120* . Recrystallization from 
cyclohexane yielded pure 2-((acetylthio)methyl]-3-{4-(phenylmethoxy)phenyl]propanoic acid; m.p. 121 - 
123* (dec). TLC (silica gel: ethyl acetate) R| = 0.71. 



35 



Anal, calc'd. for C-gHsoOdS: 


Found: 


C. 66.26; 
C. 66.32; 


H. 5.85: 
H. 5.90: 


S. 9.31: 
S. 8.83. 



40 



b) 4-[[2'[(Acetylthio)methyl]-l-oxo-3-[4-(phenylmethoxy)phenyl]propyl]amino]ben2oic acid, methyl ester 

2-{(Acetylthio)methyl]-3-[4-{phenylmethoxy)phenyl]propanoic acid (2.0 g.. 5.81 mmole) was dissolved in 
freshly distilled ether (15 ml.) and cooled to -s'. Oxalyl chloride (0.74 ml,, 5.81 mmole) was added 
dropwise followed by N,N-dimethylformamide (4 drops). The ice bath was removed and the reaction was 
allowed to warm to room temperature as gas evolved. After stinring at room temperature for 2 hours, the 
reaction was a clear yellow solution with a small amount of gummy yellow precipitate. The solvent was 
removed in vacuo and the residue was chased with tetrahydrofuran. The resulting yellow oil was dissolved 
m dichloromethane {10 ml.), cooled to O", and added to a solution of 4-aminobenzoic acid, methyl ester 
(0^.88 g.. 5,81 mmole) and diisopropylethyl amine (1.01 ml.. 5.81 mmole) in dry dichloromethane (20 ml.) at 
0 . After 3 hours, the reaction was washed with saturated sodium bicarbonate. 1.0 M HCI, and saturated 
sodium chloride. The organic phase was dried (MgSO*.), filtered, and the solvent removed in. vacuo to yield 
.2.5 g. of crude product as an orange foam. Purification by flash chromatography (200 g. of "Whatman LPS - 
1: 26% ethyl acetate, hexane) yieldied 1.92 g. of 4-C[2•{(acetylthio)methyl^1-oxo-3-[4-phenylmethoxy)- 
phenyllpropyl]amino]ben2oic acid, methyl ester as an off-white solid. TLC (silica gel; 30% ethyl acetat . 
70% hexane) Rf = 0.18." / 
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c) 4-{[2-{Mercaptomethyl)-1'OxO'3-(4-<pheny(m thoxy)phenyi]propyl]amino]benzotc acid 

The methyl ester product from part (b) (1.72 g.. 3.6 mmol ) was suspended in methanol (24 ml.) and 
degassed by bubbling argon through the mixture. The reaction was cooled to 0* and 1.0 M sodium 
hydroxide (11.0 ml,, 11.0 mmole) was added. After 1 hour, solid remained and additional methanol (4 ml.) 
and sodium hydroxide (3.6 ml.. 3.6 mmole) were added. After stmng for 2 hours, the reaction was still 
heterogeneous and freshly distilled tetrahydrofuran (48 ml.) was added at which time all the solid dissolved. 
After stirring for 5.5 hours, another aliquot of sodium hydroxide (3.6 ml., 3.6 mmole) was added. The 
reaction was stirred for 1.5 hours then concentrated in vacuo and the residue was dissolved in water (100 
ml.). The solution was acidified to pH 1 with concentrated HCi and extracted with ethyl acetate. The organic 
extracts were combined, dried (MgSO^). filtered, and the solvent removed. The off-white solid was purified 
by flash chromatography (140 g. of Whatman IPS - 1: 5% acetic acid, 25% ethyl acetate, 70% hexane) to 
yield 1.34 g. of partially purified product. This solid was repurified by flash chromatography (42 g. of 
Whatman LPS-1: 5% acetic acid. 18% ethyl acetate. 77% hexane) to give 90 mg. of 4^[2- 
(mercaptomethyl)-1-oxo-3-C4-<phenylmethoxy)phenyI]propylIaminolben2oic acid as a white solid: m.p. 189 - 
191 * (dec). TLC (silica gel: ethyl acetate:acetic acidihexane, 25:5:70) R| = 0.28. 



Anal., calc'd. for Ca^HsaNO^S ' 2.92 H2O: 



Found: 



c. 


60.79: 


H,6.13; 


N, 2.95: 


c. 


60.50; 


H. 5.77: 


N, 3.18; 



S, 6.76 
S. 6.46. 



Example 1 5 



4-[[2-[(Acetylthlo)methy I]- 1 -oxo-S-pheny Ipropy l]amino]ben2oic acid 

A solution of 2-{(acetylthio)methyl]-3-phenylpropanoic acid (15.06 g.. 63.2 mmole) in dry tetrahydrofuran 
(200 ml.) under nitrogen was treated dropwise with oxaiyi chloride (8.02 g., 63.2 mmole). The resulting 
solution was treated with N.N-dimethylformamide (5 drops) and stirred at ambient temperature for one hour. 
The reaction -mixture was concentrated to dryness in vacuo . The residue was twice concentrated from dry 
tetrahydrofuran (100 ml.), and then used without further purification. 

A solution of 4-aminobenzoic acid (8.67 g., 63.2 mmole) in dry acetonitrile (125 ml.) was treated with 
bis(trlmethylsilyi)trifiuoroacetamide (38.8 g., 150 mmole, 2.4 equivalents), and the mixture was stirred at 
ambient temperature for 30 minutes. The reaction mixture was cooled in an ice-bath, treated dropwise with 
a solution of the above acid chloride (nominally 63.2 mmole) in dry acetonitrile (125 ml.), and then allowed 
to wami to ambient temperature overnight. The reaction mixture was concentrated in vacuo , and the residue 
was partitioned between 400 ml. each of ethyl acetate and water. The organlc layer was extracted with 5% 
sodium bicarbonate (3 x 250 ml.). The aqueous extract was acidified to a pH of 1 with concentrated HCI and 
extracted with ethyl acetate (3 x 400 ml.). The organic extract was washed with brine, dried (MgSOA), and 
then concentrated in vacuo. The original ethyl acetate layer from the bicarbonate extractions was combined 
with the final organiFlxS-act to give 34.0 g. of slightly yellow solid. Two recrystallizations from hot 
chloroformyhexane gave 19.85 g. of 4.{[2-[(acetyithio)methyl]-1-oxo-3-phenylpropyl]aminoIbenzoic acid as a 
white crystalline solid: m.p. 184 - 186* . TLC (silica gel; toluene:aeetic acid. 10:1) Rt = 0.28, 



Anal, calc'd. for C19H13NO4S: 





C, 63.85: 


H. 5.36: 


3.92: 


S. 


8.97 


Found: 


C. 63.51; 


H, 5.25: 


N. 3.86; 


S. 


9.07. 
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ExafTtple 16 



5 4-[[2-[(Ben2oy lthro)fnethyt]- 1 -Qxo-3-pheriyipropy l]amino jbenzoic acid 



a) 2-[(Benzoylthio)methyl]-3*phenylpropanoic acid 

TO A mixture of benzyl acrylic acid (13.7 g.. 85 mmole) [prepared as described in Example 1(b)] and 
thiobenzoic acid (15 mL. 127 nnmole) in dichloromethane (170 nnL) was stirred under argon at reflux 
temperature for 3 days, after which it was concentrated in vacuo . The residue was recrystallized twice from 
ether hexane to give 4.7 g, of 2-{(benzoy Ith i o )methy I ]-3^heny I propane ic acid as a white solid; m.p, 99 - 
102*. 



Anal- calc'd. for CzH^sOzS: 


Found: 


C, 67.98; 
C, 67.89: 


H, 5.37: 
H, 5.34; 


S. 10.67 
S, 10.70. 



b) 4-{[2-[(Benzoylthio)methyt>1-oxO'3'phenylpropyl]amino]benzoic acid 

A solution of 2-[(ben2oylthio)methyl]-3- phenylpropanoic acid (874 mg„ 2.91 mmofe) in tetrahydrofuran 
(10 ml.) under nitrogen was treated with oxaiyi chloride (369 mg.. 2.91 mmole) and then one drop of 
dimethyiformamide was added cautiously. The reaction mixture was stirred at ambient temperature for one 
hour, and then concentrated in vacuo . The residue was taken up in tetrahydrofuran (10 ml.) and 
concentrated in vacuo twice to give the desired acid chloride. 

A solution of 4-aminobenzoic acid (399 mg., 2.91 mmole) in dry acetonttrile (10 mi.) under nitrogen was 
treated with bis<trimethyfsilyl) trifluoroacetamide (1.8 g.. 6.98 mmofe. 2.4 equiv.), and the mixture was 
cooled in an tee bath and treated dropwise with the above acid chloride (2.9l mmole) in dry acetonitrile (10 
ml,). The mixture was allowed to warm to ambient temperature overnight. The reaction mixture was 
concentrated in vacuo . The residue was partitioned between 20 ml. each of ethyl acetate and water. The 
organic layer was further extracted with 5% sodium bicarbonate (3x10 ml.). The combined bicarbonate 
extract was acidified to pH 1 with concentrated HCl and extracted with ethyl acetate (3 x 20 ml). A 500 mg. 
amount of solid insoluble in ethyl acetate was filtered off and saved. The combined ethyl acetate extract 
was concentratd in vacuo , and the solid residue was twice triturated from methanol and filtered to give a 
260 mg. portion of crude product The solid was triturated with acetonitrile and filtered to give 190 mg. of 
solid. Some solid which precipitated out of the original ethyl acetate solution after the bicarbonate 
extractions was filtered to afford an additional 250 mg. of material. The 500 mg.. 190 mg.. and 250 mg. 
batches of solid were combined and recrystallized from hot acetonitrile to give 323 mg. of product as a 
white solid, A second 76 mg. crop was collected for a total yield of 399 mg. of 4-[[2-[(benzoyfthio)methyl]-1- 
oxo-3-phenyipropyi]amino]benzoic acid as a white solid; m.p. 223 - 225*; [a]o = +0.6* (c = 0.5, 
dimethyiformamide). TLC (silica gel; tolueneiacetic acid, 20:1) R| = 0.29. 



50 


Anal, calc'd. for C2*H2.NO*S • 0.15 Ho 0: 




C. 68.27: 


H, 5.09: 


N. 3.32: 


S. 7.59 




Found: 


C. 68.09: 


H, 4.90; 


N, 3.50: 


S. 7.59. 



Example 17 
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4'{[2-<Mercaptomethyl)-1 -oxQ-3-phenyipropyllam!no]ben20ic acid 
The product of Example 1 was also prepared as follows. 

A solution of 4-[[2-C(acety!thio)methyl]-l-oxo-3-phenylpropyl]amino]ben2oic acid (12.7 g., 35.53 mmole 
in water (90 ml.) and concentrated ammonia (50 ml.) was flushed with argon, and stin-ed stoppered at 
ambient temperature. After 30 minutes, the reaction mixture was washed with ethyj acetate (3 x 75 ml.). The 
aqueous layer was acidified to a pH of 1 with concentrated HCl. and extracted with ethyl acetate (3 x 75 
ml.). The combined organic extract was washed with brine, dried (MgSO*). and concentrated in vacuo to 
give 11.4 g. of cmd© product This material was triturated with hexanes and filtered to give 10.6 g. of 4-{[2- 
(mercaptomethyl)-1-oxo-3-phenyipropyl]amino]benzoic acid as a white solid; m.p. 179-181 * . TUC (silica gel; 
hexaneiethyl acetate: acetic acid, 12:7:1) R, = 0.46 (minor impurity at 0.23). 



Anal, calc'd. for C17H17NO3S: 


Found: 


C. 64.74: 
C. 64.73; 


H, 5.43: 
H, 5.40: 


K 4.44; 
4.43: 


S. 10.17 
S. 10.11. 



Example 18 



(cis)-4-[[2-(Mercaptomethyl)-1-oxo-3i3henylpropyllamino]cyciohexanecarboxylic acid 



a) (cis)-4-Aminocyclohexanecarboxylic acid, methyl ester, monohydrochioride 

Thionyl chloride (1.46 ml., 20 mmole) was added dropwise to a stirred suspension of (ci5)-4- 
aminocyclohexanecarboxylic acid (l.43g., 10 mmole) [prepared as described by Villani et al., J. Org. 
Chem., Vol. 29. p. 2585 - 2587, 1964] in methanol (25 ml.) under argon, maintaining the reaction 
temperature at -5* to -10* dunng the addition. The resulting solution was allowed to wamn to room 
temperature overnight. The solvent was then evaporated and the white residue was chased with methanol, 
then toluene, and then heated with acetonitrile (approximately 40 ml.). The crystals that separated upon, 
cooling were filtered to give 1.74 g. of (cis)-4-aminocyclohexanecarboxylic acid, methyl ester, mon- 
ohydrochioride as white needles; m.p. 185 - 187'. TLC (silica gel; n-butanol:acetic acid:water, 4:1:1) R, = 
0.43. 



Anal, calc'd. for CsHts 


N02a: 








C. 49.61; 


H. 8.33; 


N, 7.23; 


CI. 18.30 


Found: 


C. 49.76: 


H. 3.42: 


N, 7.29: 


CI. 17.91. 



b) (cis)'4-[I2'[(Acetylthio)methyt]-1-oxo-3-phenylpropyt]amino]cyclohexanecarboxylic acid, methyl ester 

A solution of 3-acetylthio-2-benzylpropanoic acid (166 g., 7 mmole) in- ether (14 ml.) under nitrogen was 
treated with oxalyl chloride (0.61 ml., 7 mmole) followed by a drop of dimethylformamide and the mixture 
was stirred at room temperature for one hour. The solvent was evaporated and the residue was chased 
twice with dry tetrahydrofuran (15 ml.) to give the desired acid chloride. 

A suspension of {cis)-4-aminocyclohexanecarboxytlc acid, methyl ester, monohydrochioride (1.35 g., 7 
mmole) in dichlorom ethane (25 ml.) at -5' under nitrogen was treated concun-entiy with a solution of the 
above acid chloride (nominally 7 mmole) in dichloromethane (14 ml.) and diisopropylettiylamine (2.44 ml,. 
14 mmole). After the addition was complete, the reaction mixture was stin-ed for an additional hour, and 
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then ailowed to warm to room temperature overnight The reaction mixture was concentrated and the 
residue was taken up in ethyt acetat (50 ml.). The mixture was filtered to remove diisopropylethylamine 
hydrochloride and the resulting solution was washed with 10% potassium bisulfate, water, 5% sodium 
bicarbonate, water and bnne, then dried (MgSOi) and evaporated to give 2.51 g. of residue. This residue 
5 was flash chromatographed on silica gel (Merck 9385. 250 g.) eluting with petroleum ether:acetone (5:1) to 
yield 2.30 g. of (cis)-4-{[2-{(acetylthio)methyl]-l-oxo-3-pheny(propyl]amino]cyclohexanecarboxylic acid, 
methyl ester as a white solid: m.p. 86 - 92*. TLC (silica gel: petroleum ether:acetone. 3:1) Rf - 0.52. 
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Anal, caic'd. for C20H27NO4S: 






C, 63.63: 


H. 7.21: 


N. 3.71; 


S, 8.49 




Found: 


C. 63.57; 


H. 7.39: 


N, 3.81: 


S. 8.81. 
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c) (cis)-4-[[2-(Mercaptomethyl)-1-oxo-3-phenylpropyl]amino]cyciohexanecarboxync acid 



20 



A solution of the methyl ester product from part (b) (2.28 g., 6.04 mmole) in methanol (18 ml.) under 
nitrogen was cooled in an ice bath and treated with IN sodium hydroxide dropwise over 20 minutes. The 
mixture was allowed to warm to room temperature and stirred for 30 hours. The mixture was concentrated. 
The aqueous residue was diluted with water {50 mi.) and washed with chlorofomn (3x15 ml.). The aqueous 
portion was acidified to pH of 1 with concentrated HCI and extracted with ethyl acetate (3 x 30 ml.). The 
combined organic extract was washed with water and bnne, dried {MgSO*)» and evaporated to give 1.9 g. of 
a white foamy solid. Flash chromatography on silica gel (Merck 9385, 200 g.) eluting with tolueneracetic 
acid (10:1) yielded 1,15 g. of (cis)-44[2-(mercaptomethyl)-l-oxo-3-phenylpropyl]amino]- 
cyclohexanecarboxyiic acid as an amorphous white solid: m.p. 126 - 132*. TLC (silica gel: toluene:acetic 
acid, 5:1) R( = 0.39. 



Anal- caic'd. for C 7H23NO3S • 0.1 H2O: 



Found: 



a 63,17: 


H. 723: 


N. 4.33: 


S, 9.92: 


C. 63.49: 


H. 7 38: 


N. 4.40: 


S.10.12: 



SH. 10.23 
SH. 9-84. 



In a similar manner, by employing (trans)-4-aminocyciohexanecarboxylic acid [prepared as described 
by Johnston et al.. Jour, of Med. Chem., Vol. 20. p 279 - 290. 1977] in the above procedure one obtains 
(trans)-4-CI2-<mercaptomethyl)-l-oxo-3-pheny!propyl]amino]cyclohexanecarboxylic acid. 

Also, by employing (cis)-3-aminocyclohexanecarboxylic acid and (trans )-3-amjnocyctohexanecarboxylic 
acid (also disclosed by Johnston et al.) in the above procedure, one obtains (cis)-3-[[2-(mercaptomethyl)-1- 
oxo-3-phenylpropyl]amino]cyclohexanecarboxy(ic acid and (trans )-3-{[2-{mercaptomethyl)-1-oxo-3- 
phenylpropynaminojcyclohexanecarboxylic acid. 



Example 19 



so (cis)-4-[[3.3.3-Trifluoro-2-<mercaptomethyl)-1-oxopropyl]ammo]cyclohexanecarboxync acid 



^ (cis)-4-[[3.3.3-Trifluoro-2-[(acetylthio)methyl]-1-oxQpropyl]amino]cyclohexanecarboxylic acid 

A suspension of {cis)-4-aminocyclohexanecarboxylic acid (2.15 g., 15 mmole) in dry acetonitrile 
(distilled from caicium hydride) under argon was cooled to O' and bis(trimethylsilyl) trifluoraacetamide'{8 
ml.. 30 mmole) was added. The reaction mixture was allowed to - stir and warm to room temperature 
overnight. An additional' 4 ml. of bis(trimethylsilyl)trifiuoroacetamid was added. After an additional 4 hours 
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of stirring, dimethylformamide {6 ml.) was added to bring the remaining solid into solution. After 4 hours, 
almost all of th solid had dissolved. The mixture was cooled to 5* and a solution of 2-[(acetylthio)m thyl]- 
3,3,3-trifluoropropanoyl chloride [3.52 g., 15 mmole, prepared as described in Example 10(a)] in acetonitrile 
(7 ml.) was added dropwise. The reaction mixture was allowed to warm to room temperature and stirred for 

5 36 hours. The solvents were removed in vacuo . The residue was partitioned between water (50 ml.) and 
ethyl acetate (30 ml.) and the organic layer was separated. The aqueous layer was extracted twice more 
with ethyl acetate, and the combined ethyl extract was washed with brine, dried (MgSO*) and evaporated to 
give 8.2 g. of a yellow residue. A portion of this crude product (5.85 g.) was triturated with ethyl 
acetateihexane (1:2) and the white solid that separated was filtered and washed with ethyl acetate:hexane 

TO (1:2 and then 2:1) to give 0.9 g. of pure (cts)-4-{[3,3,3-trifluoro-2-((acetylthio)methyl]-1-oxopropyl]amino]- 
cyclohexanecarboxylic acid as a white solid: m.p. 171 - 174* . TLC (silica gel: toluene lacetic acid, 10:1) Ri 
= 0.20. 



15 b) (cis)-4-[[3.3,3-Trifluoro-2-(mercaptomethyi)-1-oxopropyl]aminolcyclohexanecarboxylic acid 

Treatment of the product from part (a) with concentrated ammonium hydroxide according to the 
procedure of Example 10(c) yields (cis)-4-{[3.3,3-trifluoro-2-(mercaptomethyl)-1-oxopropyl]amino]- 
cyclohexanecarboxylic acid. 
20 ' ' 

Examples 20 - 50 

25 Following th© procedures of Examples 1 - 19 the following additional examples within the scope of this 
invention can be obtained: 



30 



40 



4S 



so 



55 
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5- 



W 



JS 



20 



25 



30 



35 



40 



45 




$0 



X 
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to 



45 



46 



COOH 



COOH 



47 



-CH^CHCCH^)^ 



COOH 



48 



COOH 



49 



COOH 



30 



as 



50 



-CH 



COOH 



Example 51 



1000 tablets each containing the following ingredients: 



4-[[2-<Mercaptomethyl)-1 -oxo-3-phenyipropyl]amino]benzoic acid 

Cornstarch 

Gelatin 

Avicel (microcrystalline cellulose) 
Magnesium stearat© 



100 mg. 
50 mg. 
7.5 mg. 
25 mg. 
2,5 mg. 
185 mg. 



are prepared from sufficient bulk quantities by mixing the product of Examples 1 or and cornstarch with an 
55 aqueous solution of the gelatin. The mixture is dried and ground to a powder. The Avicel and then the 
magnesium stearate are admixed with granulation. This mixture is then compressed in a tablet press to 
form 1000 tablets each containing lOO mg. of active ingredient. This same procedure can be employed to 
prepare tablets containing 50 mg. of active ingredient. 
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Similarly, tablets containing 50 mg. or 100 mg, of the product of any of Examples 2 to 16 and 18 to 50 
can be prepared. 



Example 52 



Two piece #1 gelatin capsules are filled with a mixture of the following igredients: 
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3-C[2-(Mercaptomethyl)-1 -oxo-3-phenylpropyl]amino]bGnzoic acid 

Magnesium stearate 

Lactose 



100 mg. 

7mg. 
193 mg. 
300 mg. 



In a similar manner, capsules containing 100 mg. of the product of any of Examples 1 to 6, 8 to 16. and 
18 to 50 can be prepared. 



Example 53 

An injectable solution is prepared as follows: 



30 



3-[[3,3,3-TrifIuoro-2-<mercaptomethyl)-1-oxopropyl]amino]benzoic acid 
Methyl paraben 
Propyl paraben 
Sodium chloride 
Water for injection 



500 g. 

25 g. 
5 I. 



The active substance, preservatives and sodium chloride are dissolved in 3 liters of water for injection 
and then the volume is brought up to 5 liters. The solution is filtered through a sterile filter and aseptically 
filled, into presterilized vials with rubber closures. Each vial contains 5 ml. of solution in a concentration of 
100 mg. of active ingredient per ml. of solution for injection. 

In a similar manner, an injectable solution containing 100 mg. of active ingredient per ml. of solution can 
be prepared for the product of any of Examples 1 to 10, 12 to 16, and 18 to 50. 



Claims 



45 



50 



1. A compound of the formula 



R3-S-CH^ CH- NH-^^- COORj 



or a phanmaceutically acceptable salt thereof wherein: 
55 Rt is hydrogen, straight or branched chain lower alkyl of 2 to 7 carbons, halo substituted lower alkyi. 
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^^4 



^ -(CH2)r-cycloalkyl, HCHaMa-naphthyl), -(CH2),-(/9-naphthyl). 



-<CH2)^^-<^— OH , -(CH2)£-fr-J 



H 



20 

-(CH2)r-NH2 . -(CH2)r-SH, -{CHo )r-S-lower alkyi, 



.(CH2)^^S-(CH2)5.<g^^ 



25 - ^ > 

^4 



-(CH-),-OH. -{CH2),-0-)ower alkyl. 

30 



NH 



as ^4 2 



or 

O 

40 -<CH:3)r-C -NH2 : 

Hz is hydrogen. lower aikyl. benzyi, benzhydryl. a pharmaceutically acceptable salt formrng ion, or 

-CH-O-C-R- 

45 I ' 



Ra IS hydrogen or 
O 

fls- C - : 

Rs IS lower alkyl. 



55 

•R4 
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-(CH2)q-(a-naphthyl). -<CH2)q-(^-naphthyi). 



- ( CH- ) -cycloalky 1 , 



5 




or 



H 



10 




H 



R4 is hydrogen, lower alkyi of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 
carbons, haio.. hydroxy, CF3, phenyl, 

20 



Re is hydrogen, lower alkyI, cycioalkyi, or phenyl: 
R7 is hydrogen. lower alkyl, lower alkoxy or phenyl; 
r is an integer from 1 to 4; and 
q is zero or an integer frorn 1 to 7. 

2. A compound of Claim 1 wherein: 
Ri is straight or branched chain alkyl of 2 to 4 carbons. 



or trifluorom ethyl; 

Ra is hydrogen, methyl, or an alkali metal salt ion; 
R3 is hydrogen, 
O - 





25 




- C -CHa or 



45 



O 




R4 is hydrogen or 




55 



q is zero or an integer from 1 to 4. 
3. A compound of Claim 2 wh rein: 



35 



BP 0 361 365 A1 



Rs IS hydrogen; and 
Ri iS hydrogen. 

4. A compound of Claim 3 wherein: 



0.CH2-^(O) . 



/ or 



;5 

5. A compound of Clam 2 wherein: 



20 



Rt >s hydrogen: and 

R3 IS 
25 C 

- c -CH3 or 



30 



6. A compound of the formula 

35 



o 

Rj— S— CH2— CH-C-X 



40 

or a pharmaceuticatly acceptable salt thereof wherein: 



COOR 

50 



COOR- , 

COOR- ^ ' 

or -NH' ' 



R- IS hydrogen, lower alkyl. halo substituted lower alkyi, 
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-<CH2)r-cycioalkyI. -{CH3)r{a-naphthyi). -(CH^jr-ji^-naphthyl). 



OH 



-{CH2)r-NH2. -(CH2)r-SH. -{CHajr-S-Iowsr aikyi, 



-(CH2)^-S-(CH2)q-(0). 



«4 



-(CH2),-0H, -(CHzlr-Olower aikyl. 

m 



-(CH2)^-0.(CH2)gH^^ ' -(CH2)^-NH-C 



4 "NH2 



or 

O 

-(CHj),- C -NHa ; 

R2 is hydrogen, lower alkyi, benzyl, benzhydryl. a pharmaceuticaily acceptable salt forming ion, or 



-CH--0-C-R^ 
^6 



Ra is hydrogen or 
O 

Rs is lower alkyl. 



-(CHj) 



-{CH2)q-(a-naphthyl). -(CH2)q-(/3-naphthyt), 
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IS hydrogen, lower alkyi of 1 to 4 carbons, lower aikoxy of 1 to 4 carbons, lower alkylttito . of 1 to 4 
carbons, hafo. hydroxy, CFj, phenyl. 

20 

-^2-<§> ' or -0-CH2— (g> ; 

25 Re is hydrogen. lower alkyl. cycloalkyl. or phenyl: 

R? IS hydrogen. lower alkyl. lower aikoxy. or phenyl: 

r IS an integer from 1 to 4: and 

q IS zero or an integer from 1 to 7. 

7. A compound of Claim 6 wherein: 
30 R' is straight or branched chain alkyl of 2 to 4 carbons. 



-(CH2)q 



or trifluoromethyl; 

R2 IS hydrogen, methyl, or an aikali metai salt ion; 
R3 IS hydrogen, 
O 

- C -CH3 or 



46 

R4 is hydrogen or 

50 



-0-CH2-^:g> ; 



55 q IS zero or an integer from 1 to 4. 

.8. A compound of Claim Claim 7 wherein: 

X IS 
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COOR- 



9. A compound of Claim 8 wherein: 
R2 is hydrogen; and 

R3 is hydrogen. 

1 0. A compound of Claim 9 wherein: 
Ri is 



-CH2-CH-(CH3)2 . or CF3 . 

1 1 . A compound of Claim 6 wherein: 

Xis 



S:ooH 



Rt is methyl; and 
R3 is hydrogen. 

1 2- A compound of Claim 7 wherein: 

Xis 



COOR 



13. A compound of Claim 12 wherein: 
R2 is hydrogen; and 

R3 is hydrogen. 

14. A compound of Claim 13 wherein: 
Ri is 



-CH 



or CF3 . 

15. A compound of Claim 7 wherein 
X is 



is -NH— 
Rj^ is -CH2— 



and 
Ra is 
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O 
II 

- C -CH3 . 

16. A compound of Claim 7 wherein 

X IS 



— Q 

COOR. 



17. A pharmaceutical composition useful for reducing blood pressure and producing diuresis and 
natnuresis as well as treating congestive heart failure, pain and/or diarrhea in a mammalian host comprising 
a pharmaceutically acceptable carrier and an endopeptidase inhibiting compound of the formula 



R3— S -CH2 — CH-C— X 



or a pharmaceutically acceptable salt thereof wherein: 
X is 

COOR-, 



-NH^Q^ , or NH-k(^^^C00R2 



COOR2 



R. IS hydrogen. lower alky I. halo substituted lower alky I, 



«4 



-(CH2),-cycloalkyl, -{CHzMa-naphthyl). -(CH2)r(^-naphthyl). 



OH 



I 

H 



M 
I 

H 



rxQ 
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-(CH2)rNH2. -(CH2)p-SH, -(CHa^S-iower alky(, 



-(CH2)^-S-(CH2)^-<g^ , 



-<CHj),-OH, -{CHzVO-lower alkyi. 



CH2)^-0-(CH2)g-^(g^ , -(CH2)j.-NH-C 



;5 

or 

O 

-(CH2)r-C -NHz; 

R- is hydrogen, lower alkyl. benzyl, benzhydryl, a pharmaceutically acceptable salt forming ion. or 

20 

0 
ll 

-CH— 0-C-R- ; 

25 I ' 

^6 



3Q Ra is hydrogen or 
O 

R5-C 

Rs is lower aikyi, 



-{CH2)q-(o-naphthyl). •{CH2)q-{/3naphthyl). 

-(CHj) -cycloalkyl, -{CH2)jrij^ jj / 



so 



N 

I • 
55 - H H 



R4 is hydrogen, lower alkyl of 1 to 4 carbons, lower aikoxy of 1 to 4 carbons., tower alkylthio of 1 to 4. 
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carbons, halo, hydroxy. CF3. phenyl. 



or -o- 



is hydrogen, lower alkyi, cycloalkyi, or phenyl: 
R7 is hydrogen, lower alkyl, lower aikoxy, or phenyl; 
r rs an integer from 1 to 4; and 
q ts zero or an integer from 1 to 7. 
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